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(g) identification and use of protease inhibitors. 

(Sf) B-amyioid peptide (PAF) production in cell culture and in vivo is inhibited by administering a^^^^^^ 
^ protease inhibitors, particularly inhibitors of proteases of catheps^n D. Useful ^spa^j^ P^^*^?^^ 

^nhiWto.^ ^n be selected In a two-step assay, where test compounds are first screened for asparlyl 

prSs^ SbL S In vitS in noncelJar assays. Those test compounds which are f^^^^^^^^ 
protease inhibition activity are then tested in cellular assays for pAP Pr^"^?"J"»^J^^^^^^ 

ThSse test compounds which are capable of inhibiting intracellular Mmyloid production may be 

Incorporated in pharmaceutical compositions. 
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The present invention relates generally to methods and compositions for inhibiting p-amyloid peptide (pAP) 
production In cells. In particular, the present invention relates to the screening and identification of cellular pro- 
tease inhibitors, specifically aspartyl protease inhibitors, which are capable of Inhibiting the intracellular pro- 
duction of pAP, and the use of such cellular protease inhibitors In methods for inhibiting pAP production. 

5 Alzheimer's Disease (AD) is a degenerative brain disorder characterized clinically by progressive loss of 

memory, cognition, reasoning, judgment and emotional stability that gradually leads to profound mental dete- 
rioration and ultimately death. AD is a common cause of progressive mental fiailure (dementia) In aged humans 
and is believed to represent the fourth most common medical cause of death in the United States. AD has been 
observed in races and ethnic groups worldwide and presents a major present and future public health problem. 

10 The disease Is cunrently estimated to affect about two to three millton individuals in the United States alone. 
To date, AD has proven to be incurable. 

The brains of individuals with AD exhibit neuronal degeneration and characteristic lesions variously refer- 
red to as amyloid plaques, vascular amyloid angiopathy, and neurofibrillary tangles. Large numbers of these 
lesions, particularly amyloid plaques and neurofibrillary tangles, are generally found in several areas of the 

IS human brain important for memory and cognitive function in patients with AD. Smaller numbers of these lesions 
in a more restricted anatomical distribution are found in the brains of most aged humans who do not have clin- 
ical AD. Amyloid plaques and vascular amyloid ang iopathy also characterize the brains of individuals with Tris- 
omy 21 (Down's Syndrome) and Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type 
(HCHWA-D). At present, a definitive diagnosis of AD usually requires observing the aforementioned lesions 

20 in the brain tissue of patients who have died with the disease or, rarely, in small bbpsied samples of brain tissue 
taken during an Invasive neurosurgical procedure. 

The principal protein constituent of the amyloid plaques and vascular amyloid angiopathy characteristic 
of AD and the other disorders mentioned above is an approximately 4.2 kilodalton (kD) protein of about 39-43 
amino acids designated the p-amylold peptide (PAP). pAP is an approximately 39-43 amino acid fragment of 

25 a large membrane-spanning glycoprotein, referred to as the p-amyloid precursor protein (APP). 

PAP is further characterized by its relative mobility in SDS-polyacrylamide gel electrophoresis or in high 
performance liquid chromatography (HPLC). pAP can occur in a filamentous polymeric form which exhibits 
the Congo-red and thioflavin-S dye-binding and apple green birefringence characteristics of amyloid. pAP can 
also occur in a non-filamentous form ("preamyloid" or "amorphous" or "diffuse" deposits) in tissue, in which 

30 form no detectable blrefringent staining by Congo red occurs. A portion of this protein In the Insoluble form 
obtained from meningeal blood vessels is described in U.S. Patent No. 4,666,829. 

APP is normally produced by cells in many tissues of various mammals, including humans. APP is encoded 
by a gene on the long arm of human chromosome 21 . Knowledge of the structure of the gene encoding APP 
has demonstrated that pAP arises as a peptide fragment that is cleaved from APP by one or more heretofore 

35 unidentified proteases. This cleavage appears to occur Intracellularly. The precise biochemical mechanism 
by which the pAP fragment is cleaved from APP and subsequently deposited as amyloid plaques extracetlulary 
in the cerebral tissue and in the walls of cerebral and meningeal blood vessels is under investigation. 

Several lines of evidence indicate that progressive cerebral deposition of pAP plays a seminal role in the 
pathogenesis of AD and can precede cognitive symptoms by years or decades. See, Selkoe, (1991) Neuron 

40 6:487). Recently, it has been shown that pAP is released from neuronal cells grown in culture and is present 
in cerebrospinal fluid (CSF) of both normal individuals and AD patients. See, Seubert et ai, . (1992) Nature 
359:325-327. 

Certain inherited mutations which occur in the APP gene can cause AD and AD-related conditions. For 
example, missense DNA mutations at amino acid 71 7 of the 770-amino acid isoform of APP were found in af- 

45 fected members but not unaffected members of several families with a genetically determined (familial) form 
of AD. See, Goateetal.. (1991) Nature 349:704-706; Chartier Harlan et a!. , (1991) Nature 353:844-846; and 
Murrell et al. , (1991) Science 254:97-99). In addition, there is a double mutation refenred to as the Swedish 
variant or the Swedish mutation in which Lyssos-Metsge mutated to Aspegs-Leugge in the 695-amino ackJ isoform 
which is present In a Swedish family subject to a familial form of AD. See, Mulian et al. . (1992) Nature Genet 

so 1:345-347. 

Genetic linkage analyses have demonstrated that these mutations, as well as certain other mutations in 
the APP gene, are the molecular cause of AD In the affected members of such families. Furthermore a mutation 
at amino acid 693 of the 770-amino acid isoform of APP has been identified as the cause of the pAP deposition 
disease, HCHWA-D and a change from alanine to glycine at amino acid 692 appears to cause a phenotype 
55 that resembles AD in some patients but HCHWA-D in others. See, Younkin et al., (1993) Science 259:514- 
516. 

Despite the progress that has been made in understanding the underlying mechanisms of AD and other 
pAP-related diseases, there remains a need to develop compositions and methods for treatment of these dis- 
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eases Treatment methods could advantageously be based on drugs which are capable of Inhibiting the gen- 
eration of QAP. To identify such drugs, it is desirable to develop screening methods which are rationally based 
on an improved understanding of intracellular pAP production, and in particular based on an understanding of 
the BAP proteolytic deavage pathway including identification of the enzyme(s) responsible. Drugs identified 
by such screening methods may then be used to inhibit pAP production using in vitro cellular models, mammals 
suffering from AD and other pAP-related diseases, and animal models useful forstudying p-amylold production 

APP a'nd BAp'production are reviewed in Sinha and Lieberburg . (1992) Neurodegeneration 1:169-175 and 
Marx (1993) Science 259:457-458. An apparent lysosomal APP processing pathway which produces pAP is 
Sibed in Estusetal. (1992) Science 255:726-728 and Goldeetal.. (1992) Science 255:728-730. The re- 
?re of slSi-^^ cell culture media is described in Haasetal.. (1992) Nature 359:322-325 and i!M 
et al (1992) Science 258:126-129. and release into human and animal CSF is descnbed in Seubert et al. . 
ri992)Nature 359:325-327. Transfomiationofhumancell lines withamutantAPPgeneassodatedw^^^^^^ 

AD has been shown to cause overproduction of pAP. as described in Citron etal.. (1992) NMyrg 360:672-674 
and Youn kin etal. , supra. The presence of numerous lysosomal proteases, including cathepsinD. in senile 
Xq ue associated with AD is dicribed in Cataldo et al.. (1990) Proc. Natl. Acad. Sci. USA 87.3861 -3865 and 
(1991) Proc Natl Acad. Sci. USA 88:10998-11002. The nature of aspartyl proteases (also referred to as as- 
partic proteases) and aspartyl protease inhibitors is described in Tang and Wong. (1987) J. Cell. Biochem. 
33(1):53-63: Rich. "Inhibitors of AsparticProteases."inProfe/nase//jW/?/tors.BarrettandS^^^^^ 
vier science RTwishers BV. Amsterdam. 1986. pp. 179-217: and van Noort et al.. ( 992) J. Bid. Chem^ 
264:14159-14164. The localization of cathepsin D in endosomal structures with the cell has been descnbed 
in Dimen tetal.. (1992) J. Biol. Chem. 263:6901-6907. 

The presen t invention provides a method of inhibiting p-amyloid peptide (pAP) production compnsing ad- 
ministering to cells an effective amount of an aspartyl protease inhibitor. ^ , ■ , 

The present invention also provides a method of inhibiting pAP production compnsing administenng to a 
mammal in need thereof an effective amount of an aspartyl protease inhibitor. 

The present invention also provides a method of inhibiting the deposition of amyloid plaque composing 
administering to a mammal in need thereof an effective amount of an aspartyl protease inhibitor 

The present invention also provides a method of preventing or treating Alzheimers Disease (AD) com- 
prising administering to a mammal in need thereof an effective amount of an aspartyl protease inhibitor. 

The present invention also provides a method of preventing or treating pAP-related diseases comprising 
administering to a mammal in need thereof an effective amount of an aspartyl protease inhibitor. 

The preMntinventionfurtherprovidesthe aforementioned methods whereinthe aspartyl protege inhibitor 

is a compound of formula I 

I 

(GH2)i 

^ ..1 (I) 



45 



55 



N 
H 



wherein: 

i is 1,2, 3. or 4; 

Ri is Ci-Ce alkyt. a^'V*. cydohexyl or -S-R^», where 
Ri« is aryl, or cydohexyl; 

50 Wis 




3 



EP 0 652 009 A1 



where 



and R2W are independently selected from hydrogen. Ci-Ce alkyi, aryl(CrC4)alkyl. heterocycle(Ci- 
C4)alkyf, unsaturated heterocycle(Ci-C4)alkyl, or Ri* and R2* are combined with the nitrogen atom to which 
they are attached to form a heterocycle or unsaturated heterocycle with the proviso that the nitrogen atom may 
not be quaternized; 

q is 0, 1,2, 3, or 4; 

R^ is hydrogen, halo, Ci-Ce alkyi, d-Ce alkoxy. Ci-Ce alkylthio. or amino; 
or Wis 



Bis-C(0)-,or-S(OV; 
kisO, 1,or2; 
ersO, or1; 

X is -(CH2)g-, -(CH2)„-0-(CH2)n-, or -(CH2)m-NRMCH2)„-. where 
g is 0,1, or 2; 

m and n are Independently 0, 1 , or 2; 
R^ is hydrogen, or C1-C4 alkyi; 

Ro is Ci-Ce alkyi, C1-C4 alkoxycarbonyl. formyl, Cj-Ce alkanoyi, amino, trif luoromethyl, CrC4 ai- 



kylamino, 

dl(Ci-C4)alkylamlno, aryl, heterocycle, or unsaturated heterocycle; 

each R2 is Independently an amino acid side chain, -CH2CH3, -CH2CH2CH3, -CHaCCHzlaCHa, -C(CH3)3 
.CH2SO2NH2, -CH2CN, .(CH2)r-Xi-R2-, -(CH2)3-C(0)NR2bR2c, or-(CH2)rS(O)k-[1-N(R2<0-tetra2ol-6-yl]. where 
r, s and t are independently 0, 1 , or 2; 

Xi is a bond, dlvalent(Ci-C4)alkyl, dlvalent(C2-C4)alkenyl, divalent(C2-C4)alkynyl, -C(0)-0-, -0- 
C(0)-, -C(0)NR2b-. .NR2»>-C(0)-. -NR2*>-, -0(0)-, -O-. or -8(0)^; 

R2a is Ci-Ce alkyi, aryl, aryl(Ci-C4)alkyl, heterocycle, heterocyde(Ci-C4)alkyl, unsaturated het- 
erocycle, or unsaturated heterocycIe(Ci-C4)alkyl; 

R2'> is hydrogen, or C1-C4 alkyi; 

R2c is amino. CrCe alkoxy, Ci-Cg alkyi. -(CH2)m-di(Ci-C4)alkylamino, aryl, aryl(Ci-C4)alkyl, het- 
erocycle, heterocycle(Ci-C4)aIkyl, unsaturated heterocycle, or unsaturated heterocyde(Ci-C4)alkyl; 

R2d is hydrogen, Ci-Ce alkyi, aryl, unsaturated heterocycle, unsaturated heterocycle(Ci-C4)-al- 
kyl, or aryI(CrC4)alkyl; 
RIs 




0 
II 



where 



j is 1, or 2; 

R3W is hydrogen, formyl, carbamoyl, or-(B)e-X-Ro, 



where 




0 
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Y is aryl or unsaturated heterocycle; 
is heterocycle; 
55 is hydroxy or amino; 

R3a is a group having the formula 
1)-C(0)-NRW, 
2) 
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2) 

30 0 

II 

35 

or 

3) 



40 




pis 4 or 5; 
I is 3, 4 or 5; 

at each occurrence is independently hydrogen, Ci-Ce allcyl or hydroxy(Ci-C4)all<yl; 
R5 and are independently selected from hydrogen, hydroxy, Ci-Ce alkyi, CrCe allcoxy, amino, Cf C4 
50 alkylamino, hydroxy(Ci-C4)alkyl. carboxy, C1-C4 alkoxycarbonyl, carbamoyl. N-(CrC4)alkylcarbamoyl, aryl. 
heterocycle or unsaturated heterocyde; 
with the provisos that: 
(1) when R is 
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10 

then 
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20 

R3* is formyl, carbamoyl or -(B)e-X-Ro, where 
eis1;and 
B is -C(0)-; 
25 (2) when R is 



30 




then 
35 Wis 



0 



40 




and 

45 j is 2; and 

(3) when R is 



50 




55 
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or 




then 

iis1;and 

is aryl, cydohexyl, or -S-Ri^«, where 
Rix is aryl, or cydohexyl; 
or a pharmaceutically acceptable salt thereof. 

The present invention further provides the aforementioned methods wherein the aspartyl protease inhibitor 
is a compound of formula II 

R7-Gly-(R8)pThr-OH (II) 

wherein: 

R7 is Ci-Cg alky!, formyl or CrCe alkanoyi; 
f is 1-6; 

each R^ is independently an amino acid residue, statine or a statine derivative; 
with the provisos that: 

(1 ) there must be at least one statine or a statine derivative; 

(2) when f is 2-6, then the total number of statine and statine derivatives in -(R^V cannot exceed 3; 
or a pharmaceutically acceptable salt thereof. 

In addition, the present invention provides a process for identifying a pAP productk>n Inhibitor, comprising: 

(1) administering an aspartyl protease inhibitor to a test system; 

(2) measuring pAP production in the test system; and 

(3) comparing pAP production in the test system to pAP production In a control test system in which no 
such aspartyl protease inhibitor has been administered. 

Finally, the present Invention provides a process of kJentIf ying pAP production Inhibitors, comprising: 

(1) measuring pAP production in a cellular assay; and 

(2) measuring pAP production in a body fluid of a test animal. 

The following terms and phrases set forth in the specification and claims are defined as follows. It is to 
be understood that in the field of this invention, there are a number of terms which, in fact, refer to the same 
nrioiety. The use of a particular term in the context of the present application should not be considered a lim- 
itation. 

The term "p-amyloid peptide" (pAP) as used herein refers to an approximately 4.2 kD protein which, in the 
brains of persons afflicted with AD, Down's Syndrome, HCHWA-D, and in some normal aged subjects, forms 
a subunit of the amyloid filaments comprising the amyloid plaques (senile plaques) and the vascular amyloid 
angiopathy (amyloid deposits in small cerebral and meningeal blood vessels). Typical abbreviations for pAP 
used by persons in the art Include Ap, ApP and p/A4, among others. It can be found in soluble form In the ex- 
tracellular fluid of cultured cells and in body fluids of mammals, such as aged humans and humans suffering 
from AD and pAP-related conditions. 

pAP Includes within its def initton related pAP sequences that result from mutations in the pAP regton of 
the nomial gene and are substantially homologous to the 43-amino acid sequence. The 43-amino acid se- 
quence for pAP is: 



8 



EP 0 652 009 A1 



10 



IS 



20 



25 



30 



35 



Asp Ala Glu Phe Arg His Asp Ser Gly Tyr 
11 

Glu Val His His Gin Lys Leu Val Phe Phe 
21 

Ala Glu Asp Val Gly Ser Asn Lys Gly Ala 
11 

He He Gly Leu Met Val Gly Gly Val Val 
41 

He Ala Thr [SEQ ID N0:1] 

The term "p-amyloid precursor protein" (APP) as used herein refers to a polypeptide that is encoded by a 
gene of the same name localized in humans on the long arm of chromosome 21 that includes pAP within the 
carboxyl one-third of its length. APP Is a glycosylated, single-membrane-spanning protein expressed in a wide 
variety of cells in many mammalian tissues. Examples of specific isotypes of APP which are known to exist m 
humans include the 695-amino acid polypeptide described by KanfletaK. (1987) Nature 325:733-736 wh>ch 
Is designated as the "normal" APP; the 751-amino acid polypeptide described by Ponteetal. , (1988) Nature 
331-525-527 {1988)andIanzIMaL.(1988) Nature 331:528-530: and the 77()-amino acid polypeptide des^ 

by KItaQuchietal.. (1988) Nature 331 :530-532. Examples of specific variants of APP include point mutations 
which ^n differ In both position and phenotype. Cf. Hardjt. (1992) Nature Genet. 1:233-234) 

It has been observed that intracellular pAP production results from cleavage of the APP by a cellular pro- 
tease The cellular protease appears to be an aspartyl protease, more particularly cathepsin D. Furthermore, 
it has'been observed that pepstatin. a known cathepsin D Inhibitor, having the following sequence: 

iva-val-Val-Sta-Ala-Sta-OH 

where Iva is isovaleric acid and Sta is statine. is homologous with the six carboxy-terminal amino acids of pAP: 

38 39 40 41 42 43 
Gly-Val-Val-Ile-Ala-Thr-OH. ISEQ ID NO: 2] 



40 



45 



Preferred cathepsin D inhibitors include compounds which mimic the cartjoxy-tenminus of pAP with inclusion 
of at least one statine or statine derivative, preferably at a location analogous to amino acids 41 or 42. In ad- 
dition preferred cathepsin D inhibitors are those compounds which have pharmacologfcal properties which 
enhance the compound's ability to inhibit cathepsin D or the fomiation of pAP Examples of pharmacologi^l 
properties include oral absorption, the ability to cross a cellular membrane or the blood/brain barrier and the 

'The term "pAP-related condition" as used herein is defined as including AD (includes familial AD). Down's 
Syndrome. HCHWA-D. advanced aging of the brain and the like. 

The temis "conditioned culture medium" and "culture medium" as used herein refer to the aqueous ex- 
tracellular fluid which surrounds cells grown in vitro and which contains, among other constituents, proteins 
and peptides secreted by the cells. , ^ . ... 

The tenn "body fluid" as used herein refers to those flukls of a mammalian host which may contain meas- 
urable amounts of pAP and pAP fragments, specifically including blood, CSF. urine, and peritoneal fluid. The 
term "blood" refers to whole blood, as well as blood plasma and serum. 

The tenn "cellular characteristic" refers to a constituent which Is related to pAP production and is found in 
a conditioned culture medium or in a body fluid. Typical cellular characteristics include pAP and pAPf ragments 
55 and Other like PAP processed intermediates. 

The term "Swedish mutatton" refers to a mutation in the human gene encoding APP which results in an 
inherited, familial form of AD. The mutation occurs at Lyssgs-Mets* of the normal APP gene, where a substi- 
tution to A8n59s-Leu896 occurs. It has been found that human cell lines transfected with this mutation will over- 
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produce pAP, secreting the pAP into the conditioned culture medium. Other familial mutations of the APP gene 
which could be used to transfect cell lines to produce pAP are known In the art. a, Hardy , supra. 

The term "Ci-Ce alkyi" represents a straight or branched alky) chain having from one to six carbon atoms. 
Typical CrCe alkyi groups Include methyl, ethyl, propyl, Isopropyl, butyl, isobutyl, sec-butyl, f-butyl. pentyl, 
neo-pentyl, hexyl and the like. The term "d-Ce alkyI" includes within its definition the term '01-04 alkyI". 

The term "dlvalent(0rC4)alkyr represents a straight or branched divalent alkyI chain having from one to 
four carbon atoms. Typical dlvalent(Ci-C4)alkyl groups include methylene, ethylene, propylene, 2-methylpro- 
pylene, butylene and the like. 

The term "halo" represents chloro, f luoro, bromo or iodo. 

The term "halo(Ci-04)alkyl" represents a straight or branched alkyI chain having from one to four carbon 
atoms with 1, 2 or 3 halogen atoms attached to it. Typical halo(Ci-C4)-alkyl groups include chloromethyl, 2- 
bromoethyl. 1-chloroisopropyl, 3-fluoropropyl, 2,3-dibromobutyl, 3-chloroisobutyl, iodo-^-butyl. trifluoromethyl 
and the like. 

The term "Oi-Ce alkylthio" represents a straight or branched alkyI chain having from one to four carbon 
atoms attached to a sulfur atom. Typical CrOg alkylthio groups include methylthio, ethylthlo. propylthio. iso- 
propylthlo, butylthio and the like. The term Xi-Ce alkylthio" Includes within Its definition the term "0.-0^ al- 
kylthio". 

The term "C1-C4 alkylamino" represents a straight or branched alkyI chain having from one to four carbon 
atoms attached to an amino group. Typical C1-C4 alkylamino groups include methylamino, elhylamino, propy- 
lamine, Isopropylamino, butylamino, seobutylamino and the like. 

The tenm "di(Ci-04)alkylamlno" represents a straight or branched dialkylamino chain having two aikyi 
chains, each having independently from one to four carbon atoms attached to a common amino group. Typical 
di(CrC4)alkylamlno groups include dimethylamino, ethylmethylamino, methyllsopropylamino, f-butylisopropy- 
lamino, dl-f-butylamino and the like. 

The term "Cj-Ce alkanoyl" represents a straight or branched alkyl chain having from one to five carbon 
atoms attached to a carbonyl moiety. Typical CrCg alkanoyl groups include ethanoyl. propanoyl. Isopropanoyl. 
butanoyi, f-butanoyl. pentanoyi, hexanoyl. 3-methyIpentanoyl and the like. 

The term "N-(Ci-04)alkylcarbamoyl" represents a straight or branched alkyl chain having from one to four 
carbon atoms attached to the nitrogen atom of a carbamoyl moiety. Typical N-(CrC4)alkylcarbamoyl groups 
include N-methylcarbamoyI, N-ethylcarbamoyI, N-propylcarbamoyI, N-lsopropylcarbamoyI, N-butylcarbamoyl. 
N-^butylcarbamoyi and the like. 

The term "heterocycle" refers to an unsubstituted or substituted stable 5- to 7-membered monocyclte or 
7- to 10-membered bicyclic heterocyclic ring which is saturated and which consists of carbon atoms and from 
one to three heteroatoms selected from the group consisting of nitrogen, oxygen or sulfur, and wherein the 
nitrogen and sulfur heteroatoms may opttonally be oxidized, and the nitrogen heteroatom may optionally be 
quaternized. The heterocyclic ring may be attached at any heteroatom or carbon atom which affords a stable 
structure. The heterocycle is unsubstituted or substituted with 1, 2 or 3 substituents independently selected 
from halo, hydroxy, trifluoromethyl. Or04 alkyl, C1-O4 alkoxy. carboxy, 0,-04 alkoxycarbonyl. carbamoyl or 
amino. 

The term "unsaturated heterocycle" refers to an unsubstituted or substituted stable 5- to 7-membered 
monocyclic or 7- to 10-membered bicyclic heterocyclic ring which has one or more double bonds and which 
consists of carbon atoms and from one to three heteroatoms selected from the group consisting of nitrogen, 
oxygen or sulfur, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quarternized. The unsaturated heterocyclic ring may be attached at any heteroa- 
tom or carbon atom which affords a stable structure. The unsaturated heterocycle is unsubstituted or substi- 
tuted with 1, 2 or 3 substituents Independently selected from halo, hydroxy, trifluoromethyl. C1-C4 alkyl. Or 
O4 alkoxy, carboxy, O1-O4 alkoxycarbonyl, carbamoyl or amino. 

Examples of such heterocycles and unsaturated heterocydes include piperidinyl, piperazinyl, azepinyl, 
pynrolyl. 4-piperidonyl, pyrrolidinyl, pyrazolyl. pyrazolWinyl, imidazolyl, imklazolinyl, imidazolklinyl, pyridyl, pyr- 
azinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, Isoxazolyl, isoxazolidinyl, morpholinyl, thiazolyl, thiazo- 
lidinyl. isothlazolyl, quinuclidinyl, isothiazolidlnyl, indolyl, quinolinyl, Isoquinolinyl. benzimidazolyl, thiadiazolyl, 
benzopyranyi, benzothiazolyl, furyl, tetrahydrofuryl, tetrahydropyranyl. thienyl. benzothienyl, thiamorpholinyl! 
thiamorpholinylsulfoxide, thiamorpholinylsulfone, oxadiazolyl. triazolyl, tetrahydroqulnolinyl, tetrahydrisoqui- 
nolinyl. 3-methyllmkJazolyl. 3-methoxypyridyl, 4-chloroquinollnyl, 4-aminothiazolyl. 8-methylquinolinyl. 6- 
chloroquinoxalinyl, 3-ethylpyridyl, 6-methoxybenzimidazolyl, 4-hydroxyfuryl, 4-methyl isoquinolinyl, 6.8.dlbro- 
moquinolinyl. 4.8-dimethylnaphthyl. 2-methyl-1,2,3,4-tetrahydroisoquinolinyl. N-methylquinolin.2-yl, 2-f-bu- 
toxycarbonyl-1,2,3,4-isoquinolin-7-yl and the like. 

The term "aryl" represents a phenyl or naphthyl ring which is unsubstituted or substituted with 1. 2 or 3 
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substituents independently selected from halo, hydroxy, trifluoromethyl. 0,-04 aikyi, C-C* ^^^^^'^^Z' 
C c! alkoxycarbonyl. carbamoyl, amino or morpholino(CrC4)-alkoxy. Typical aryl groups include 4-methyl- 
2.5-dimethylphenyl. S-chloronaphthyl. S-aminonaphthyl. 4.carboxyphenyl and the 

"^he term "amino acid side chain" represents the distinctive atom or group bonded to an ^^^^^^ 
also having bonded thereto a carboxyl group and an amino group. These side chains are selected from those 
found on the twenty naturally occurring amino acids. 

The temi "amino acid residue" Includes v^lthln its definition the naturally occurnng ^'"'"^^^d^ "^f 
corresponding positional isomers and variants thereof. Typical positional isomers and vanants include Z-am - 
^S^ipradd'Aad). 3-aminoadipicacid (bAad). p-alanine (bAla). 2-"''"'>''"*y*«f .^'^^^jTb^^^ 
acid (4Abu). 6-aminocap«)ic acid (Acp). 2-amlnoheptanolc acid (Ahe). 2-amino.sobutyic J^-J^^)' 
sobu yric acid (bAib). 2-aminopimelic acid (Apm). 2,4-dlaminobutyric acid (Dbu). desmosine (Des). 2^ -d«- 
mXfmeJc acd (Dpm). 2.3-diaminopropionic acid (Dpr). N-ethylglycine (EtGly). N-ethylasparagme (EtAsn). 
rSysine m allohydroxylysine (aHyl). 3-hydroxyproline (3Hyp), 4.hydroxypmline (4Hyp). 'sodesmosme 
SSrSKSucineianelN-meJhylglyd 

valh^e (Nva) norleucine (Nie). ornithine (Orn). cyanoalanlne (CA). -r^^rboxyglutamate 0-phosphosenne a- 

narMh^lan^^^^^^ p-naphthylalanine (bNA). S-galactos^ cysteine. glycinamide. 

Srisulfate and thelil.e.Theseaminoacidresiduesmay be in eithertheDorLconfiguration. Unless oth^^^ 

wise specified, a reference to an amino acid will refbr to the L configuration . ..to »ho n^ntw^ 

The term "protease" as used herein refers to a proteolytic enzyme which wealcens or breal« the peptide 
linkages in certain protein substrates. The term lysosomal protease" refers to those proteases which are char- 
SeSly f^nd within the cellular lysosome. The tem, "aspartyl protease" is used herein to define a group 
ofprSte enzymes of the pepsin family that usually function under acidic conditions. The oc^-^n^e 
is rt^proteaseHs frequent^ Lfted to particular locattons in the body, such as the sto^nfch. and cellar 
fvSom^ Aspartyl protLes are dassifiedasEC3.4.23. Of particular interesttotheprese 
eir^Jan aSprotease which functions in the cellular lysosomes. The nature and functton of aspartyl 
pmtoas^. induSing cathepsin D. are described in Tang and Wong. sup,a. the full disclosure of wh«h « incor- 

'°Ce t?"pmI^Te S^^^^ as used herein, refers to any compound, mdecule. or substance which ir. 
hibits the f unctton of a protease. In partteular. cellular protease inhibitors according to the present invention 
inhtoVthe f unctton of a cellular protease which is involved in or responsible for the intracellular processing of 
Aj?tr6l!> Litewise aspartyl protease inhibit 

fn o^ e °pon^We torthe intracellular processing of APP mto pAP. and cathepsin D inhibitors inhibit the f unction 
r^Sps^n D ItVs that the cellular proteases whteh are primarily responsible for pAP productK.n are 

fsSrlSteases. more specifically cathepsin D. Suitable aspartyl pmtease inhibitors may be selected m so- 
ZsnIZ the ;electton methods of the present inventton. A review of aspartyl P^'f^^ '"^^ 
eraT, and cathepsin D in particular, is found in Rtoh. "Inhibitors of Aspartfc Proteinases." supra, the full disdo- 
sure of which is incorporated herein by reference. 

The term "statins derivative" refers to a compound of the formula 

I 

(CHj) 



45 



SO 



(CH2)i 

where 1 and Ri are as defined above for formula I. Statine (Sta) is represented where i is 1 and Ri is isopropyl. 
inn<JS-hydroxy-5.phenylpentanoic acid resWue (AHPPA) is represented where i is 1 and W is phenyl, 
pilferred as^^^ inhibitors are the cathepsin D inhibitors. Preferred cathepsin D inhibitors are 

the compounds of formula I and formula 11. . . , u ^^.aa^ ^.r^rr^ 

vTlLlcombinattons of variablesdisdosed above for compounds of fomiulalandfo^^^^^ 

pounds having the ability to inhibit aspartyl proteases, sud, as cathepsin D. certain compounds are preferred 



55 for such use 



'ucn use 

Regarding the compounds of formula I. preferred compounds are those compounds wherein: 

iis1; 

RI Is -OH{CH3)2. or phenyl; 

11 
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Wis 



5 




10 where 

R** is hydrogen or -B-X-Ro, where 
Bis-C(O)-. or-S(0)2-; 
X is -(CH2)fl-, or -(CH2)„-0-(CH2)„-, where 
g is 0; 

15 m and n are independently 0, 1 , or 2; 

Ro is Ci-Ce alkyl, aryl, or unsaturated heterocyde; 
R2 is an amino acid side chain. -CH2CH3. -CH2CH2CH3, -CH2(CH2)2CH3. -CH2CN, or -CHr R^. where 
R2a is aryl 

Rts 

20 




OH O 



SO where: 

R*w is amino; 
Y is phenyl; and 

is -C(0)NH(^.butyl); 
with the proviso that when R is 

55 
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then j is 2; 

or a pharmaceutically acceptable salt thereof. .... ^ k^.^ 

10 Of these preferred compounds of formula I. especially preferred compounds are those compounds where- 

in: 

B is -C(0)-; 
m is 1 ; 

Ro is methyl, phenyl, pyridyl, or quinolinyl; 
IS R2 is -CH(CH3)2. -CH2CH2CH3, or -CHa-R^ where 

R2a is naphthyl; and 

Ris 



20 



25 



or 

30 




35 




OH 



>4w 



45 



where 

40 R** is amino; 

or a pharmaceutically acceptable salt thereof. 
The most preferred compounds of formula I are: 

CH3C(0)«bNA-Vai-Sta-Leu-bNA-NH2; 
CH3C(0)-NA-Nva-Sta-Nva-NA-NH2; 
CH3C(0)-NA-Nva-AHPPA-Nva-NA-NH2; 
CH3C(0)-NA-Val.Sta-Abu-NA-NH2; 

and 

NA-Val-AHPPA-Leu-NA-NHa; 

or a pharmaceutically acceptable salt thereof. ^orh^w t«r 

As noted above, preferred cathepsin D inhibitors include those compounds which mimic the carboxy-ter- 
minus of PAP with inclusion of at least one statins or statine derivative, preferably at a location analc^ous to 
amino acids 41 or 42 of the carboxy-terminus of pAP. Thus, preferred compounds of formula II are those com- 
pounds wherein f is 3 or 4; 

or a pharmaceutically acceptable salt thereof. ^ x.u * 1^ 

Of these preferred compounds of formula II. more preferred are those compounds of the formula 

R7.Gly.(R»)r(R«)'-(R®)"-Thr-0H 

wherein: 

fi8lor2; 



50 



55 
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each is independently an amino acid residue; 
(Rfi)' is lie, statine or a statlne derivative; 
(R®)" is Ala, statine or a statine derivative; 
with the proviso that at least one of (R®)' and (R®) " must be statine or a statine derivative; 
5 or a pharmaceutically acceptable salt thereof. 

Of these more preferred compounds of formula II, the most preferred compounds of formula II are: 

CH3C(0).GIy-Val-Val-Sta-Ala.Thr-0H; 

and 

Gly-Val-Val-Sta-Ala-Thr-OH; 

10 or a pharmaceutically acceptable salt thereof. 

The peptldic compounds of fomnulae I and II used in the methods of the present invention may be synthe- 
sized using the classic Merrif ield method of stepwise solid phase peptide synthesis. Detailed explanations of 
the various reactions such as the preparation of protected amino acids, chromatography, ninhydrin tests and 
the like can be found in Stewart and Young, 1984, Solid Phase Peptide Synthesis Second Edition (Pierce 

15 Chemical Company). 

Synthesis of the peptide is started by coupling the first protected-amino acid to a resin, such as a p-me- 
thylbenzhydrylamine resin. The addition of each f-Boc-amino acid is accomplished by adding from about 1 to 
about 4 equivalents, preferably 2.5 equivalents of the ^Boc-amino acid to the resin. Typically, only 1 to about 
i.5 equivalents, preferably 1.25 equivalents were used in the addition of f-Boc-Sta or f-Boc-AHPPA. f-Boc- 

20 Sta, f-Boc-AHPPA and other statine derivatives can be produced substantially in accordance with the teaching 
of Huiet al. , 1 987, J. Med. Chem. 30:1287-1295 and Soger etal. . 1985, J. Med. Chem. 28:1779. This procedure 
is detailed in Examples 36-48, below. 

A ninhydrin test may be used to detect the presence of free amino groups. The ninhydrin test is accom- 
plished by adding one drop of a 70% phenol solution In an alcohol, such as ethanol (EtOH) to a sample of the 

25 peptlde/resin mixture followed by the addition of one drop of a pyridine solution (containing 0.0002M potassium 
cyanide (KCN)), followed by one drop of a ninhydrin solution (0.28M in EtOH). The resultant test mixture was 
then heated to 11 O^'C for two minutes. A blue or amber color indicates the presence of free amino groups while 
a light yellow color indicates the absence of free amino groups. 

Alternatively, the ninhydrin test may be performed upon a small aliquot of the peptide/resin mixture by first 

30 washing the mbcture twice with a solution of 5% triethylamine (EtsN) in methylene chloride (CH2CI2}, then three 
times with CH2CI2, and then concentrating the mixture under reduced pressure to provide solid dried resin. In 
a test tube, 2-5 mg of this solid is combined with 0.1 mL of KCN (treated with Amberlite MB-3 to remove am- 
monia), 0.04 mL of ninhydrin and 0.05 mL of phenol (also treated with MB-3). The resultant solution is heated 
to 1 00**C for approximately ten minutes, then chilled In cold water (H2O) and combined with 1 mL of 60% EtOH. 

35 The resultant solution is mixed and filtered through a glass wool plug. The tube is rinsed twice with 0.2 mL of 
0.5M tetraethylamnK)nium chloride in CH2CI2 and then the combined filtrates and washes are diluted to 2.0 
mL by the addition of a 60% EtOH solution. The absorbance is read at 570nm against a reagent blank. A light 
color indicates a high percentage of coupling. The ninhydrin test is adapted from Steward and Young , supra, 
and Kaiser et al. , 1970, Anal. Biochem., 34:595. 

40 The compounds of formula I, or their precursors, may be prepared using procedures known in the art Un- 
less specified In a particular reactk)n, solvent choice is not critical so long as the solvent employed is inert to 
the ongoing reaction and the reactants are sufficiently solubilized to effect the desired reactbn. More partic- 
ularly, the compounds of formula I 



I 

(CH2)i 

\ A 

N R 
H 

55 wherein: 
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Ris 



(CH2) 




and 



Ri. R3", R2, i and j are as defined above, may be prepared by the following Reaction I. 




2 (w— OH ) 



(la) 




""^'^ j'is halide. methanesulfonate. benzenesulfonate. p-toluenesulfonate. acetate or trifluoroacetate; and 
W, R**, R2, j, i and R^ are as defined above. 
Reaction i. above, may be carried out by coupling a compound of formula la with a compound of formula 
W-OH in the presence of a coupling agent and in the presence or absence of a promoting agent, preferably 
in the wesence of a promoting agent The carboxylicacid reactant is generally employed in an amount ranging 
from about equimolar proportions toaboutathreemolar(3M)excess relative to theoxiranereactant preferably 

in about a 2M excess. The coupling reagent is generally employed in an amount ranging from about equimolar 

15 
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proportions to a slight excess relative to the carboxylic acid reactant. Typical solvents suitable for use In this 
process Include dlmethylfbnnamide (DMF) or tetrahydrofuran (THF) or a DIVIF/THF mixture. The reaction is 
generally substantially complete after about 1 to 72 hours when conducted at a temperature in the range of 
from about -1 5°C to the reflux temperature of the reactton mixture. The reaction is preferably conducted at a 
temperature in the range of from about 0"C to about SCC for about 24 to 48 hours. A preferred promoting agent 
is hydroxybenzotriazoie hydrate {HOBT H2O). Typical examples of coupling reagents include the carbodii- 
mides such as N,N'-diethylcarbodiimide, dicyclohexylcarbodiimide (DCC); the imidazoles such as carbonyi- 
diimldazole; as well as reagents such as 1-hydroxybenzotriazole mesylate, N-ethoxycarbonyl-2-ethoxy-1,2- 
dihydroquinoline (EEDQ), benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP), 
o-benzotriaza-1-yl-N,N.N',N -tetramethyluranium hexafluorophosphate (HBTU) and benzotriazol-1-yl-K)xytri- 
pyn-olidinophosphonium hexafluorophosphate (PyBOP). A preferred coupling agent is BOP. Reaction 1 1s ex- 
emplified in Example 1, below. 

Once the reaction is complete, the product may be isolated by procedures known in the art. for example, 
filtration, or the reaction solvent may be removed by extraction, evaporation or decantation. The product may 
be further purified, if desired, by common techniques such as crystallization or chromatography over solid sup- 
ports such as silica gel or alumina. 

The compounds of fomiula la used in Reaction I, above, may be prepared by the following Reaction 
Scheme lA 
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1. R^- (CH2)i-i-2 




2. two equiv. 
CH3SO2CI 




3. LiN, 
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(CH2)il 5 



10 



ICH2) 



15 



4. Acid 



20 



25 



30 




35 



5. one equiv, 
CH3SO2CI 



40 



45 



OSO2CH3 




50 



6, Base- 
Catalyzed 
Cyclization 
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(CH2)i 





Reaction scheme lA, above, is accomplished by carrying out reactions 1-7 In sequential order. Once a re- 
action is complete, the Intermediate compound may be isolated and/or purified using procedures known in the 
art as described above. Reaction scheme lA is exemplified In Preparation 1 . below. 

In reaction IA.1. the reaction is carried out by combining 2.2-dimethyl-4.5-dioxlrane-1.3-dioxolane with a 
nudeophilic reagent of the formula. R-(CH2)M-Z.whereZis magnesium halkle.orlithii^inam^^ 
vent A preferrednudeophilic reagent Is magnesium bromide. Better results may be obtained by catalj^s with 

copper salts, for example copper (I) iodide (Cui) or copper (I) bromide (CuBr). The nudeophilic feagentte gen- 
erally employed in an amount ranging from about equimolar proportions to about a 2M excess relative to the 
oxiiane leactant. preferably in about a 0.5M excess. Typical solvents suitable for use in this reaction indude 
organic solvents sud, as diethyl ether (Et^O) or THF. The reaction is generally "'^P'!^^ 
alKHit 1 to 24 hours when conducted at a temperature in the range of from about -40»C to about lO^C. The 
reaction is preferably conducted at a temperature m the range of from about -5«C to about 5«C for about 2 to 

^ ''Tn^eaction IA.2, the reaction is carried out by combining the compound prepared in reaction IA1, with me- 
thanesulfbnyl chtoride in a mutual inert solvent The methanesuifonyl chloride is generally employed in an 
amount ranging from about equimolar proportions to about a 3M excess of the '"^Jf "«f "'f°"5^,'*'°2jt,T, 
actant preferably in about a 2M excess. A base, for example 2.6-lutidine or a tnalkylamine such as EtjN or 
dilsop^iylethylamine and the Fke. may optionally, be added to promote the reaction. Preferred bases for this 
reacL are the triaikylamines. espedaily EtaN. Typical solvents suitable for use in this .-eartion indude aprohc 
organic solvents, such as CH^Cborchlorofbm, (CHQ,). The reaction is generally substantially complete after 
alXMJt 15 minutes to 24 hours when conducted at a temperature in the range of from about (yC to the reflux 
temperature of the reaction mixture. The reaction is preferably conducted at a temperature in the range of from 
about 15'C to about 30«C for about 15 minutes to 4 hours. « , a ^ifh 

In reaction IA3. the reaction is carried out by combining the compound, prepared in reaction IA.2. wrth 
azide ton in a mutual inert solvent. The azide ion may be obtained for use in this reaction from inorganic salts, 
sud, as the alkali metal azides. for example lithium azideorfrom organic saitssuch as tetramethylguanid.^^^^ 

azide. The azWe Ion Is generally employed in an amount ranging from about equimolar proportions to about 
a 3M excess of the azide ion, preferably in about a 2M excess. An improved yield may be obtained by the ad- 
dition of a base, such as 2.6-lutkline. Typical solvents suitable for use in this process i"':'"^^ o"^^"'*^ 
vent such as hexamethylphosphoric triamide (HI^PA). DI^F or N.N'-dimethyipiopyleneurea (DMPIJ). The re- 
action -» generally substantially complete after about 1 to 24 hours when conducted at a temperature in the 
range of from aboutO»C tothe reflux temperature of the reaction mbtture. The reaction is preferably conducted 
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at a temperature in the range of from about 25X to about 1 0O^'C for about 4 to 12 hours. 

In reaction iA.4, the reaction is carried out by combining the compound prepared in reaction IA.3, with a 
strong acid in an alcoholic solvent, such as methanol (MeOH) or ethanol (EtOH). Typical acids suitable for use 
in this reaction include hydrohalic acids such as hydrochloric acid (HCi) or hydrobromic acid (HBr), sulfuric acid 

5 (H2SO4) and the like. Prefenred acids are the hydrohalic acids, especially HCI. The acid is generally employed 
in a large excess, for example in an amount ranging from about a 10M excess to about a 20M excess of the 
acid reactant. The reaction is generally substantially complete after about 1 to 24 hours when conducted at a 
temperature in the range of from about O^C to about 40*C. The reaction is preferably conducted at a temper- 
ature in the range of from about 20''C to about aO'^C for about 2 to 4 hours. 

10 In reaction IA.5, the reaction is carried out in a substantially similar manner as that described in reaction 
IA.2, using methanesulfonyl chloride and the compound prepared in reaction IA.4, with the exception that the 
compound prepared in reaction IA.4 Is generally employed in an amount ranging from about equimdar pro- 
portions to about a 1 M excess relative to the methanesulfonyl chloride reactant. 

In reaction IA.6, the formation of the oxirane ring is carried out by base-catalyzed cyclizationp preferably 

15 by combining the compound prepared in reaction IA.5 with alkoxide ion. in an appropriate solvent. The alkoxide 
Ion is obtained from ammonium or alkali metal alkoxjdes and the like. Prefenred alkoxide ions for this reaction 
are sodium methoxide (NaOMe) and potassium methoxide (KOMe). Typical solvents suitable for use in this 
process include any organic solvent such as MeOH or THF. The reaction is generally substantially complete 
after about 1 to 12 hours when conducted at a temperature in the range of from about O'^C to about 40''C. The 

20 reaction is preferably conducted at a temperature In the range of from about 20''C to about 30^*0 for about 1 
to 2 hours. 

In reaction IA.7, the reduction of the azido substituent to the corresponding amine is preferably carried 
out by catalytte hydrogenation, preferably by combining the compound prepared in reactton IA.6 with hydrogen 
gas (H2) in the presence of acetic acid (HOAc) and a palladium-on-carbon catalyst (Pd/C). Typical solvents 
25 suitable for use in this reaction include any organic solvent such as ethyl acetate (EtOAc). The reactton is gen- 
erally substantially complete after about 1 to 24 hours when conducted at a temperature in the range of from 
about 0^*0 to about 40°C. The reaction is preferably conducted at a temperature in the range of from about 
lO^'C to about 3d'>C for about 2 to 5 hours. 

Alternatively, the reduction of the azido substituent to the corresponding amine may be carried out by conrv 
30 bining the compound prepared in reaction IA.6 with trialkyi- or triarylphosphine, In the presence of aqueous 
HOAc. The preferred phosphine reactant is tributylphosphine. Typical organic solvents suitable for use in this 
reaction include mixtures such as EtOAc/acetonitrile (CH3CN) containing 10% H2O, The reaction is generally 
substantially complete after about 1 to 12 hours when conducted at a temperature in the range of from about 
O'^C to about 40^*0. The reaction is preferably conducted at a temperature in the range of from about 20''C to 
35 30*^C for about 0.5 to 2 hours. 

The compounds of formula I wherein: 
Wis 
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Ri, R»», R2. i and j are as defined above, may be prepared by the following Reaction II. 

Rearfcion II 

I 




J is halide, methanesulfonate, benzenesulfonate. p-toluenesulfonate, acetate or tnfluoroacetate; and 
W. R**. j. i and are as defined above. 
Reaction 11, above, may be carried out by coupling a compound of formula la' with a compound of fonrnula 
W-OH, in the presence of a coupling agent and in the presence or absence of a promoting agent substantially 
as detailed above in Reaction I. Reaction II is exemplified in Examples 33-35. below. 

Alternatively, these diols may be prepared by exposing the epoxide compounds prepared in Reactton I 
above to aqueous acidic conditions. Also, these diols may be isolated as byproducts of the epoxide reactions. 
The compounds of the formula la' 




OH (CH2)i 



da') 



used in reaction II. above, may be prepared by reducing the azido intermediate prepared in Reaction IA.4, 
above substantially as detailed in Reaction IA.7, This procedure is exemplified in Preparation 12, below. 
The compounds of the fonrnula W-OH, where 
Wis 



21 



EP 0 652 009 A1 



5 




and j is 2 may be prepared by first coupling two amino acids of the general formula, H2N-CH(R2)-COOH, where 
each R2 is Independently one of the R2 substituents defined above in formula I substantially In accordance 
10 with the procedure detailed above in Reaction I. 

The amino-protecting group is then removed using procedures known in the art and the resulting dipeptide 
compound is either acylated or coupled with a compound to provide a compound having the formula: 



This second coupling reaction may be carried out substantially in accordance with the procedure detailed In 
Reaction I. The acylation may be carried out with a suitable acyl halide, isocyanate or chlorofonmate, preferably 
in the presence of an acid scavenger such as a tertiary amine, preferably EtaN. The acylation reaction is carried 
out at a temperature of from about -20''C to about 25''C. Typical solvents for this reaction Include ethers and 

25 chlorinated hydrocarbons, preferably Et20, CHCI3 or CIH2CI2. 

The compounds of the formula W-OH may also be prepared by reacting a suitably substituted carboxy- 
protected amino acid with triphosgene and then reacting the resulting compound with a compound of the for- 
mula, R3W-H. where R** is as defined above. This procedure is exemplified in Preparation 2. below. 

First, the carboxy-protected amino acid reactant is combined with triphosgene in a mutual inert solvent 

30 The carboxy-protected amino acid reactant is generally employed in an amount ranging from about equimolar 
proportions to about a 2M excess, preferably in about a 1 M excess relative to the triphosgene. A base, for ex- 
ample a trialkylamine such as E^H or diisopropylethylamine, is added to promote the reaction. Typical solvents 
suitable for use in this reaction include any organic solvent such as toluene. The reaction is generally substan- 
tially complete after about 6 to 24 hours when conducted at a temperature in the range of from about 25*C to 

35 the reflux temperature of the reaction mixture. The reaction is preferably conducted at a temperature in the 
range of from about 80**C to the reflux temperature of the reaction mbcture for about 8 hours to 12 hours. 

Next, the resultant compound is combined with a compound of the formula, R^-H, in a mutual inert solvent. 
Better results may be obtained by catalysis with copper salts, for example Cul or CuCI. The resultant compound 
is generally employed in an amount ranging from about equimolar proportions to about a 1M excess relative 

40 to the compound of the formula R^-H. Typical solvents suitable for use In this reaction include any organic 
solvent such as DMF or CH3CN. The reaction is generally substantially complete after about 15 minutes to 3 
hours when conducted at a temperature In the range of from about lO^'C to about 40''C. The reaction is pre- 
ferably conducted at a temperature of from about 1 to about 30''C for about 1 5 minutes to 2 hours. 

The carboxy group on the resultant compound may be deprotected using procedures l^nown in the art, for 

45 example by hydrolysis of the ester to the conresponding carboxylic acid of the formula W-OH. The hydrolysis 
of the ester may be accomplished by simply combining the resultant compound with a strong acid in a mutual 
inert solvent. Typical solvents suitable for use in this reaction include any organic solvent such as dioxane. 
The reaction is generally substantially complete after about 15 minutes to 4 hours when conducted at a tem- 
perature in the range of from about 25*^0 to the reflux temperature of the reaction mbcture. The reaction is pre- 

50 ferably conducted at a temperature in the range of from about SO^^C to about 100*^0 for about 15 minutes to 1 
hour. 

Alternatively the carboxy-protecting group may be removed using catalytic hydrogenation, preferably by 
combining the resultant compound with ammonium formate and Pd/C catalyst in an alcoholic solvent, such as 
MeOH or EtOH. The reaction is generally substantially complete after about 1 to 4 hours when conducted at 
55 a temperature in the range of from about C'C to the reflux temperature of the reaction mixture. The reaction 
is preferably conducted at reflux temperature for about 2 to 5 houre. 

Finally, the compounds of the fonnula W-OH may be prepared by reacting a suitably substituted carboxy- 
protected amino acid with 1 ,1'-carbonyldilmidazole and then reacting the resultant compound with a compound 



IS 




20 



22 



EP 0652 009 A1 



of the formula. R»«-H. substantially in accordance with the procedure detailed above. 

Specifically the carboxy-protected amino acid reactant is first reacted with l.r-carbonyldiimidazole in a 
mutual inert solvent. The 1.r-carbonyldiimidazole reactant is generally employed in an amount ranging from 
about equimolar proportions to about a 2M excess relative to the carboxy-protected amino acid reactant, pre- 
ferably m about equimolar proportions. Typical solvents suitable for use in this reaction include any standard 
organic solvent such as CH3CN. The reaction is generally substantially complete after about 15 minutes to 2 
hours when conducted at a temperature in the range of from about 15»C to SO'C. The reaction is preferably 
conducted at a temperature in the range of from about 20»C to about 25«C for about 15 minutes to 1 hour. 

Next the resultant compound is reacted with a compound of the formula. R^-H. in a mutual inert solvent 
substantially in accordance with the procedure detailed above. The carboxy group may be deprotectod using 
the methods described above. 

The compounds of formula I where R is 



^0. ^f) 



or 




and 



W. and I are as defined above, may be prepared by the following Reaction III. 

Pfif=<r?r4Qn III 



R 

I 

(CH2)i 



I 

(CH2) 



W— OH 



A (coupling) I 
" \A 

(lb) (I) 



where R W RM. R*'. R*. A, Y and Y< are as defined above. 

Reartion III above, may be carried out by coupling a compound of the formula. W-OH. with a compound 
of formula lb. This coupling reaction is accomplished substantially in accordance with the procedure detailed 
in Reaction I. above. A preferred promoting agent is HOBT HjO. A preferred coupling reagent 18 DCC. Reaction 

III Is exemplified in Example 6. ,. 4u« ik 

The compounds of formula I where j is 2 may be prepared by first coupling a compound of the fbrmula lb 
with an amino-protected amino acid of the formula. Rb.NH-CH(R2)C00H. where R^ is an amino-protecting 
group; and R2 is as defined above. This reaction is accomplished substantially in accordance with the coupling 
reaction of Reaction I. above. ^ * 1. d3» u :» 

The resultant compound is deprotected and then reacted with a compound of the formula. R^^-H. in a mu- 
tual inert solvent. Better results may be obtained by catalysis with copper salts, for example Cul or CuCI. The 
resultant compound is generally employed in an amount ranging from about equimolar proportions to about a 
1M excess relative to the compound of the formula R^^-H. Typical solvents suitable for use in this reaction in- 
clude any organic solvent such as DMF or CH3CN. The reaction is generally substantially complete after about 
15 minutes to 3 hours when conducted at a temperature in the range of from about 10«C to about 40»C. The 
reaction Is preferably conducted at a temperature in the range of from about 15-C to about 30-C for about 15 

""'"XrnatwelJThe resultant compound may be deprotected and then acylated with a suitable acyl halide. 
isocyanate or chloroformate, sulfonylated with a suitably substituted sulfonyl halide or coupled with a suiteWy 
substituted carboxylic acid reactant to provide a compound of formula I. 
The compounds of the formula lb where R Is 
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may be prepared according to the procedures shown below in Reaction Schenr\e IIIA. 



0 



!• acid activation 



2. amide formation 




3. strong base 



4. 



H f 

y 0( 



,CH3 




— N Y ir V » 

o3a 



(Weinreb amide) 



5 . reduction 



6. deprotection 



H2N 




where: 

R*> is an amino-protecting group; and 
R\ R3a and Y are as defined above. 

Reaction Scheme IIIA, is accomplished by carrying out reactions 1-6 in sequential order. Once a reaction 
is complete, the Intermediate compound may be isolated and/or purified. If desired by procedures known In 
the art as described above. 

In Reaction IIIA.I. the reaction is typically carried out by activating, that is. converting, a suitably substi- 
tuted aryl or unsaturated heterocyde carboxylic acid to the corresponding acyl chloride or acyl bromide by re- 
action with thionyl chloride, thionyl bromide, phosphorous trichloride, phosphorous tribromide, phosphorous 
pentabromlde or phosphorous pentachlorlde according to procedures and under conditions known in the art. 
Suitable aryl. heterocyde or unsaturated heterocyde cart)oxyllc acid compounds are commercially available 
or prepared by standard procedures known in the art 

In Reaction IIIA.2. the acyl chloride or acyl bromide, prepared in Reaction IIIA.1. is reacted with anrunonia 
or a primary or secondary amine having the formula 

24 



EP 0 652 009 A1 



H-NR*R*. 



H-N 





10 



15 



20 



25 



30 



35 



Where R^ R«, R* and p are as defined above, In a nonpolar aprotic solvent or mixture of solvents In the presence 
or absence of an acid scavenger to afford the corresponding amide. The reaction is typically carried out at a 
temperature of from about -20«>C to about 25*»C. Typical solvents for this reaction include ethers and chlorinated 
hydrocarbons, preferably EtjO, CHCI3 or CHzaz- Preferably, this reaction Is carried out in the presence of an 
acid scavenger such as a tertiary amine, preferably EtaN. 

In Reaction IIIA.3, the amide prepared In Reaction IIIA.2, is reacted with a strong base in the presence of 
a solubilizing agent to afford the corresponding anion which Is then reacted in Reaction IIIA.4 with a Welnreb 
amide to afford a ketone. Reaction IIIA.3 is carried out in an aprotic solvent at a temperature of from about - 
78"C to about 0°C. Typical bases used in Reaction IIIA3 include lithium amide bases and alkyi lithium bases, 
preferably CrC4 alkyi lithium bases and lithium di(CrC4)alkylamide bases. Typical solubilizing agents for Re- 
action 3 are tetramethyl(CrC4)alkylenediamines, preferably tetramethylethylenedlamine. Reaction IIIA.4 is 
carried out in an aprotic solvent at a temperature from about -SQ^C to about -40'»C. Typical solvents for Reac- 
tions IIIA.3 and IIIA.4 include ethers, preferably THF. In Reaction IIIA4. the anion is generally employed in an 
amount ranging from about equimolar propcMtions to about a 3M excess of the anion, preferably In about a 2M 
excess of the anion relative to the Weinreb amide reactanL 

In Reaction IIIA5, the ketone prepared in Reaction IIIA3, is reduced to the corresponding alcohol using 
a suitable reducing agent The reaction Is carried out in a protic solvent at a temperature of from about -25'»C 
to about 25*C. Typical reducing agents for this reaction include sodium borohydride, lithium borohydride. dii- 
sobutylalumlnum hydride, and sodium bis(2-methoxyethoxy)aluminum hydride. A preferred reducing agent Is 
sodium borohydride. Typical protic solvents for this reaction include alcohols, preferably EtOH. Reactton IIIA6 
is a standard amino deprotectlon reaction using procedures and methods known in the art to afford the corre- 
sponding amine of formula lb, which is then used in Reaction III. above. The amine may be reacted without 
purification, but It Is preferably purified f irat 

The compounds of the fonnula lb where R Is 



45 




50 



may be prepared according to the procedures shown below In Reaction Scheme IIIB. 
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Reaction Scheme TUB 




(Weinreib amide) ^ 



4 . reduction 




where R*», R\ Y and R^^ are as defined above. 

Reaction Scheme IIIB, above, is accomplished by carrying out reactions 1-7 In sequential order. Once a 
reaction is complete, the Intermediate compound may be isolated and/or purified by procedures known in the 
art as described above. 

In Reaction IIIB.1 , a suitably substituted aryl or unsaturated heterocyde amine is protected, under standard 
conditions used with amino-protecting groups known In the art. Reactions IIIB.2-5 are canried out substantially 
as described above In Reactton Scheme IIIA.3-6, with the exception that in Reaction Scheme IIIB, an additional 
deprotection reaction, Reaction IIIB.6, is necessary to remove the amino-protecting group Introduced in Re- 
action IIIB.1. This Is a standard amino deprotectton reaction using procedures known in the art. For example, 
the UBoc group illustrated in Reaction Scheme IIIB.1 may be removed using a strong acid, preferably 
CF3CO2H. 
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10 



IS 



20 



In Reaction IIIB.6. the illustrated Intermediate Is acylated with a suitable acyl hallde. Isocyanate orchlor- 
ofbrmate preferably in the presence of an acid scavenger such as a tertiary amine, preferably EtaN. The re- 
action is 'carried out at a temperature of from about -20^C to about 25«C. Typical solvents for this reaction in- 
clude ethers and chlorinated hydrocarbons, preferably EtaO, CHCI3 or CH2CI2. 

Reaction IIIB 7 is a standard amino deprotection reaction using procedures known m the art to afford the 
corresponding amine of formula lb which Is then used In Reaction III. above. This amine may be reacted without 
purification, but it is preferably purified first 

The compounds of fonmula lb where R is 




may be prepared acconJing to the procedures shown below in Reaction Scheme IliC. 

Pfiartinn c^rh^mP IIIC 



/ 1. acid 
1 OH 



activation 



25 

R^'^N II 2. a-diazo carbonyl 

^ ^ formation 
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3. H-G 



35 



4 . reduction 



5. strong base 
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7. deprotection 




where R^, R^. R** and are as defined above; and G is halo. 

Reaction Scheme IIIC. above, is accomplished by carrying out reactions 1-7 in sequential order. Once a 
reaction is complete, the intermediate compound may be isolated and/or purified, If desired, by procedures 
known in the art as described above for Reaction I. This reaction scheme Is exemplified in Preparation 9, below. 

Reaction Mid is carried out by acth^atlng, that Is, converting, an amino-protected carboxyllc acid reactant 
having the structure: 



to the corresponding mixed anhydride under conditions known in the art For example, the amino-protected 
carboxyllc acid reactant may be reacted with a CrCe alkylchloroformate, such as Isobutylchloroformate pre- 
ferably in the presence of an acid scavenger. Preferred acid scavengers are the trialkylamines. preferably EtsN. 
The reaction is typically carried out in an aprotic soh^ent such as EtOAc. The resulting mbced anhydride reactant 
is preferably used In Reaction IIIC.2 without further isolation or purification. 

Reaction IIIC.2 Is accomplished in two steps. First, a solution of sodium hydroxide (NaOH), covered with 
a layer of an ether solvent, preferably EtzO, Is reacted with a large excess of N-methyl-N-nitro-N-nitrosogua- 
nidine to form a diazomethane reactant. The NaOH is preferably used as an aqueous solution of about 4-6M 
NaOH. Once this reaction is substantially complete, the organic layer is dried over a dessicant such as KOH. 
This solution is then reacted with the mixed anhydride from Reaction IIIC.1. above, to form the corresponding 
a-diazo cartjonyl compound. The diazomethane reactant is preferably used In this reaction without isolation 
or purification. The reaction is typically carried out at a temperature of from about -SO'^C to about -20*'C, pre- 
ferably about -30*'C. 

In Reaction IIIC.3, the a-diazo carbonyl compound prepared in Reactfon IIIC.2 is reacted with an acid of 
the formula H-G where G Is halo. In an aprotic solvent such as Et20 to form an a-halo carbonyl compound. A 
preferred acid reactant is HCI which provides the corresponding a-chloro carbonyl compound. The reaction is 
typically carried out at a temperature from about -30*»C to about O^'C. The acid reactant is typically added in 
the form of an anhydrous gas in small increments until the reaction is substantially complete. The reaction can 
be monitored by thin layer chromatography (TLC). 

In Reaction IIIC.4, the carbonyl moiety on the compound prepared in Reaction IIIC.3 is reduced using stan- 
dard condittons known In the art to form the corresponding a-chloro hydroxy compound. For example, the com- 
pound prepared in Reaction IIIC.3 may be combined with a reducing agent in a mixture of solvents. Typical 
reducing agents include sodium borohydride, lithium borohydride. zinc borohydride. dlisobutylaluminum hy- 
dride and sodium bis(2-methoxyethoxy)aluminum hydride. A preferred reducing agent is sodium borohydride. 
Typical solvent mixtures include a protic and aprotic mbcture such as THF/H2O. The reaction is typically canrled 




H 



O 
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out at a temperature from about -10X to about lO^C, preferably about 0°C. 

In Reaction IIIC,5. the a-chloro hydroxy compound prepared in Reaction 1IIC.4 is treated with a strong base 
to form the corresponding epoxide under standard conditions known in the art. For example, the a-chloro hy- 
droxy compound may be reacted with a KOH/EtOH mixture In an alcoholic solvent such as EtOH. The reaction 
5 is typically carried out at a temperature from about 0°C to about the reflux temperature of the solvent Prefer- 
ably the reaction is carried out at room temperature. 

in Reaction iilC.6. the epoxide prepared In Reaction IIIC.5 Is reacted with a heterocyclic reactant of the 

formula 



10 



15 



20 



25 



35 



40 



50 



55 
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in a protic solvent at a temperature of from about TO-C to 1 00»C. Typical solvents for this reaction include the 
alcohols, preferably EtOH. The reaction is preferably carried out at a temperature of about 80»C. 

Reaction fllC.7 is a standanl amino deprotectlon reaction using procedures and methods Icnown in the art 
to afford the corresponding amine of formula lb. which is then used in Reaction III. above. This amine may be 
reacted without purification, but it is preferably purified first 

The Weinreb amide used as a reactant in Reaction lliA.4 and lilB.3 is prepared by reacting an amino-pro- 
tected amino acid with N-methoxy-N-methyl-amine in the presence of a promoting agent, an acid scavenger, 
and a coupling agent. The reaction Is carried out in an aprotic solvent or mixture of solvents at a temperature 
of from about -2500 to 25''C. A preferred promoting agent for this reaction is HOBTH2O. Preferred add scav^ 
engers are the tertiary alkylamines. preferably EtgN or N-methylmorpholine (NMM). A preferred coupling re- 
agent Is ethyl dimethylaminopiopylcarbodilmide hydrochloride. The Weinreb amide afforded by this reaction 
is preferably isolated prior to its use in Reactions IIIA.4 and IIIB.3. 

The compounds of formula lb. where W is -S-Ri», where Ri« Is aryl or cyclohexyl. are prepared using a 
30 Weiraeb amide having the following structure: 




in Reactions IIIA.4 and IIIB.3. This Weinreb amide is prepared by first reacting amino-protected serine with 
triphenylphosphine and diethylazodicarboxylate (DEAD) in an aprotic solvent at a temperature of from about 
-SO'C to CC to form the corresponding p-lactone. The reaction is typically carried out in an ether, such asTHF 
at a temperature of from about -80«C to -50»C. Next, the lactone ring Is opened to provide a compound having 
4$ the structure: 




by reacting the lactone with an appropriately substituted thioanion having the structure, -S-R'. where Ri is as 
defined above for formula I. The thioanion compound is preferably formed by reacting the corresponding thiol 
with a strong base, such as sodium hydride or potassium hydride. This reaction Is typically carried out in an 
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aprotic solvent at a temperature from about 0-C to about 40»C and under an inert atmosphere, such as nltro- 
nenTvDicalsolventsfbrthis reaction indudeethers, preferably THF.Thedesiredamidereactant IS thenfo^^ 

by reading the resulting carboxylic acid reactant with N-methoxy-N-methyl-amine In the presence of a pro- 
moting agent, an acid scavenger and a coupling agent substantially as described above. 
The compounds of formula lb where R is 



10 



IB 



25 



so 




Ate 



0 

u 

■c- 



20 and 

R»» and Yi are as defined above; ^. , , u i - 

can be prepared according to procedures known in the art. One reference that may be particularly helpful in 
preparing such compounds is R. Herranz et al.. J. Org. Chem. . 55. pp 2232-2234 (1990). 
The heterocyclic reactants. used in Reaction IIIC,6 above, of the formula 



30 »3a 



can be prepared using procedures and methods known in the art. For example, the heterocyclic reactents were 
Z\canl prepared from the corresponding amino-protected amino ackis by acid activation fdlowed by treat- 

35 ment wrth an alkylamlne. This reactton Is typically carried out in the presence of an acid scavenger, such as 
NMM. Removal of the amino-protecting group using standard chemical deprotecimg f ^niqu^ henprovided 
The heterocyclic reactants used above in Reaction C.8. Specifically, the [SS-OR-. 4aR-. 8aR-)Hecahydro i- 
s<J,uTJS!S^-3-N-f-butylcarboxamkle was prepared using (2SHA3.4.tetrahyd«,.3-isoqulnolinecarboxylic 
acid by the following procedure: 

40 1) amino-protection (f-Boc); 

2) acid activation/reaction with *-butylamine; 

3) catalytic hydrogenation; 

4) amino-deprotection. . „ ., 

The compounds of formula, W-OH, used in Reaction III. to the extent not commercially available, can be 

45 prepared using known procedures. More particularly, the compounds of formula, W-OH. where 
Wis 

JY\ ■ 



55 may be prepared as described above in Reaction Scheme lA. above. 
The compounds of the fomnula W-OH, where W is 
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R2W ^^(RZ)^ 

may be prepared according to the procedures shown below in Reaction Scheme IV. 



HOOC, 
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1 . carbonyldi imidazole 
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2 . bis I tripheny Iphosphine ) - 
palladium (II) chloride 



CO (gas) 



Base 
alcohol 
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'"-N rn ^- hydrolysis 

Lw W 



where: 



0 

(RM< 



q, R^. R'* and R^*, are as defined above; and 
E*isiodoorCi-C4ali<oxycarbonyl. 
Where E* is iodo. Reaction Scheme IV, above, is accomplished by carrying out Reactions 1-3 in sequential 
order. Once a reaction Is complete, the intermediate compound may be isolated and/or purified by procedures 
known in the art as described above. Reaction IV is exemplif ied in Preparation 10. 

Where E* is Ci-C* allcoxycarbonyl, the intemfiediate compound prepared In Reaction IV.1 is reacted ac- 
cording to the procedure detailed in Reaction IV3 directly; Reaction IV.2 is not necessary. 

Reaction IV1 is a standard coupling reaction which is carried out substantially in accordance with the pro- 
cedure detailed above in the Reaction I The reaction is carried out by simply combining an appropriately sub- 
stituted amino moiety, RRWH. with a compound having the formula: 
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where E* is iodo or CrC4 alkoxycarbonyl; and and q are as defined al>ove. The reaction is carried out In a 
nonpoiar aprotic solvent or mixture of solvents in the presence or absence of an acid scavenger to provide the 
corresponding amide. Typical solvents for this reaction include THF and DMF, preferably THF. The reaction is 
carried out at a temperature from about -SO^C to about 25'>C. The amine reactant is generally employed in equi- 

5 molar proportions relative to the carboxylic acid reactant, in the presence of an equimolar quantity to a slight 
excess of the coupling reagent 

Reaction IV.2, is a carbonylation of the compound prepared in Reaction IV. 1, resulting in the replacement 
of the iodo substituent with a C1-C4 alkoxycarbonyl moiety, preferably methoxycarbonyl. The reaction is canried 
out by simply combining the iodo intermediate from Reaction IV.2, above, a catalyst under a carbon monoxide 

10 atmosphere and in an alcoholic solvent, preferably MeOH, to provide the atkyi ester of the desired compound. 
This reaction is carried out in the presence of an acid scavenger, preferably dicydohexylamine. The reaction 
is carried out at a temperature from about O^'C to about 25''C. A preferred catalyst is bis(triphenylphospine)pal- 
ladium (II) chloride. 

Reaction IV.3 is a standard hydrolysis reaction of the alkyi ester to provide the corresponding carboxylic 
IS acid reactant, W-OH, which Is then used above in Reaction III. The reaction is carried out by combining the 
alkyi ester reactant with lithium hydroxide in a suitable solvent followed by acidification of the reaction solution 
to pH 2-3 to provide the desired carboxylic acid reactant of the formula W-OH. where W Is 



20 




Typical solvents include a mixture of an ether and H2O, preferably a THF/HaO mbcture. The reaction Is carried 
out at a temperature from about 0**C to about SS^'C. The lithium hydroxide reactant is generally employed in 
equimolar proportions to about a 2M excess relative to the ester reactant, preferably in about a 1M excess. 

30 It will be understood by persons in the art that in perfonmlng the processes described above it may be de- 
sirable to introduce chemical protecting groups into the reactants in order to prevent secondary reactions. Any 
amine, alkylamine or carboxy groups which may be present on the reactants may be protected using any stan- 
dard amino- or carboxy- protecting group which does not adversely affect the remainder of the molecule's abil- 
ity to react In the manner desired. Preferred amino-protecting groups are f-Boc and Cbz. Preferred carboxy- 

35 protecting groups are benzhydryl, benzyl and allyl. The various protective groups may then be removed simul- 
taneously or successively using methods known in the art. 

As noted above, all asymmetric forms, individual isomers and combinations thereof are considered part 
of this invention. Such isomers may be prepared from their respective precursors by the procedures described 
above, by resolving the racemic mbrtures, or by separating the diastereomers. The resolution can be carried 

40 out in the presence of a resolving agent, by chromatography or by repeated crystallizatbn or by some conn- 
bination of these techniques which are known in the art Further details regarding resolutions can be found in 
Jacques et al., Enantiomers, Racemates, and Resolutions, John Wiley & Sons 1981. 

The compounds employed as initial starting material in the synthesis of the compounds of this invention 
are known and, to the extent not commercially available are readily synthesized by standard procedures conv 

45 monly employed in the art. 

The pharmaceutically acceptable salts of the invention are typically formed by reacting a compound of for- 
mula 1 with an equimolar or excess amount of acid or base. The reactants are generally combined in a mutual 
solvent such as Et20 or benzene, for acid addition salts, or H2O or alcohols for base addition salts. The salts 
normally precipitate out of solution within about one hour to about ten days and can be isolated by filtration or 

50 other conventional methods. 

The following Preparations and Examples further illustrate specific aspects of the present invention. It is 
to be understood, however, that they are included for illustrative purposes only and are not intended to limit 
the scope of the invention In any respect and should not be so construed. 

In the following Preparations and Examples, the terms melting point, nuclear magnetic resonance spectra, 

55 electron impact mass spectra, field desorptbn mass spectra, fast atom bombardment nnass spectra, infrared 
spectra, ultraviolet spectra, elemental analysis, high performance liquid chromatography, and thin layer chro- 
matography are abbreviated "m.p.". "NMR", "EIMS", "MS (FD)", "MS (FAB)", "IR", "UV", "Analysis". "HPLC". 
and TLC", respectively. In addition, the absorption maxima listed for the IR spectra are only those of interest 
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and not all of the maxima observed. ^ ... . , ^ .^n ^„ w-* 

In conjunction with the NMR spectra, the following abbreviations are used: "s" is singlet, d .s double . 
•dd"isdoubletofdoublets.Tistriplet.Visquartet.Wismultiplet.Wisadoubletofmultiplets^^^ br^ . 
"br d' "br t" and "br.m" are broad singlet, doublet, triplet, and multiplet respectively. "J" indicates the coupling 
constant in Hertz (Hz). Unless otherwise noted. NMR data refers to the free base of the subject "'"'POund. 

NMR spectra were obtained on a Briiker Corp. 270 MHz instrument or on a General Electnc QE-300 300 
MHz instrument. The chemical shifts are expressed in delta (8) values (parts per million downf leld f rom trt- 
ramethvl-silane) MS(FD) spectra were taken on a Varian-MAT 731 Spectrometer using carbon dendnte emit- 
ters EIMS were obtained on a CEC 21-110 instrument from Consolidated Electrodynamics Corporation. 
MS(FAB) spectra were obtained on a VG ZAB-3 Spectrometer. IR spectra were obteined on a Perkin-Elmer 
281 instrument. UV spectra were obtained on a Cary 118 Instrument. TLC was earned out on E. Merck silica 
gel plates. Melting points (m.p.) are uncorrected. 

Preparation 1 

A. 2.2-Dimethyl-4(m.5(R)-bis(1(R^ -hvdroxv-2-phenvlethyl)-1 .3-dk)xolane 

A solution of 14.6 mL (43.8 mmol) of phenylmagnesium bromide in 24.6 mL of EtjO was added to a 
cold (-40°C) solution of 0.278 g (1.46 mmol) of Cui in 2 mL of dimethylsulflde and 22 mL of THF. under 
nitrogen m. After allowing this solution to stir for 5-10 minutes, a solution of 2.72 g (14.6 mmol) of 1 .2:5.6- 
dianhydrl3.4-cMsopropylidene-D-mannltol In 12 mL of THF was added. The reaction mixture was then 
warmed to O'C and allowed to react for 2 hours and 1 5 minutes, at which tlnw a saturated ammonium chlor- 
Ide fNHiCI) solution was slowly added. The resulting solution was vigorously stirred for5 minutes and then 
transferied to a separatory funnel containing a 2:1 mbcture of Et^O and H^O. The resulting layers were 
separated and the oiganic layer was reduced to dryness under reduced pressure. The resultant material 
was then purified using column chromatography (eluent of 2.5% acetone in CH2CI2). The fractions con- 
taining the desired product were combined and reduced to dryness under reduced pressure to provide 4.07 

?H*NMR°(CDa3): 8 7.35 (m. 10); 3.78 (m. 4); 3.15 (dd. 2); 2.90 (d. 2); 2.70 (m. 2); 1.45 (s. 6). 

MS: m/e 342 (M*). ^. , 

B 9 9.r^i methvl-4(ro.5(R)-bis(1(R)-methanesulfonylox v-2-phenvlethyl)-1.3-dioxolane 

Asolutlon of 2.97 mL (38.3 mmol) of methanesulfonyl chloride in 20 mLof JH^Qz was added to a cold 
(0«C) solution of 5.47 mL (39.3 mmol) of E^U and 6.4 g (18.7 mmol) of the subtitled intermediate of Prep- 
aration 1 A in 20 mL of CH2CI2. The reaction mbcture was then warmed to room temperature. When the 
reaction wks complete, as determined by TLC. the reaction mbdure was poured into a solution of 50 mL 
of 0 2N HCI and 150 mL of EtjO. The resulting layere were separated and the organic layer was washed 
with alaturated sodium bicarbonate solution and then reduced to dryness under reduced pressure. The 
resultant material was then purified using column chromatography (eluent of a 1 :1 EtjO/hexane solution). 
The fractions containing the desired intermediate were combined and reduced to dryness under reduced 
pressure. 

iH^NMR^(CDCl!): 8 7.30 (m. 10); 4.88 (m. 2); 4.25 (d, 2); 3.10 (m. 4); 2.32 (s. 6); 1.52 (s. 6). 
MS: m/e 499 (M*+1). 

C. 2.2-Pimethyl-4(R).5(RVbis(1(S)- azido-2-phenylethyl)-1.3-dioxolane wiT^iMAR 

■ Asolutlon of 0.784 g (16.0 mmol) of lithium azide, 4.0 g (14.6 mmol) of 18-crown-6 and 1.7 mL (14.6 
mmol) of 2,6-lutidine was added to 3.6 g (7.2 mmol) of the subtitled intermediate of Preparation IB. in 25 
mLofNN'.dimethylpropyleneurea.Thereaction mixture was then heatedto95-100»C and allowedtoteact 

for approximately 7 houre. When the reaction was complete, as determined by TLC. the reaction mature 
was poured into 200 mL of a 1:1 mixture of 0.1N HQ and Et^O. The resulting layere were separated and 
the organic layer was dried with sodium sulfate (Na2S04) and then reduced to dryness under reduced prw- 
sure to provide 2.8 g of an oil. This oil was purified using column chromatography (gradient eluent of 5- 
10% CH2CI2 in toluene). The fractions containing the desired product were combined and reduced to dry- 
ness under reduced pressure to provide 1 .03 g of the subtitled intermediate. 
iH NMR (CDCI3): 8 7.30 (m. 10); 4.12 (s. 2); 3.22 (t. 2); 3.05 (m. 4); 1.55 (8. 6). 
n 1 fi .Dlphenvl-2(S).S(SVdiazido -3(R).4(R)-dihvdroxyhexane ^ , ,»^ou 

To a solution of 0.370 g (0.943 mmd) of the subtitled intermediate of Preparation 1Cin4mLofMeOM, 
was slowly added 1 .26 mL of 12M HCI over a period of 3 hours. When the reaction was complete, as de- 
termined by TLC. the reactton mixture was diluted with 10 mLof CH3CN and concentrated two limes. The 
resultant material was redissolved in EtOAc and then washed with a half-saturated solution of sodium bi- 
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caibonate (NaHCOa). The resulting layers were separated and the organic layer was then reduced to dry- 
ness under reduced pressure to provide an oil. This oil was purified using column chromatography (gra- 
dient eluent of 0-20% EtOAc in CHzO^. The fractions containing the desired product were combined, re- 
duced to dryness under reduced pressure and then recryslallized from a solution of EtjO and hexane to 
provide 0.309 g of the desired subtitled Intermediate. 
iH NMR (CDQa) : 6 7.25 (m. 10); 3.60 (m, 4); 3.0 (m, 4); 2.65 (d. 2). 
MS: m/e 353 {M* +1). 



Analysis for CigHzoNeOa: 


Calc: 
Found: 


C, 61.35; 
C, 61.15; 


H. 5.72; 
H. 5.73; 


N, 23.85; 
N. 23.70. 



E. 1.6-Dlphenyl-2(S),5(S)-dlazldo-3(R)>methansulfonyloxy-4(R)-hvdroxyhexane 

A solution of 13.5 nL (0. 170 mmol) of methanesulfonyl chloride in 300 fiL of CHzQa was slowly added 
to a cold (0°C) solution of 80 mg (0.23 mmol) of the subtitled Intermediate of Preparation 1D and 32 >iL 
(0.23 mmd) of EtjN in 0.6 mL of CH2CI2. The reaction mixture was warmed to room temperature, allowed 
to react for 15 minutes and then poured Into 50 mL of a 3:2 mixtuie of EtjO and 0.1 N HQ. The resulting 
layers were separated and the organic layer was washed with a half-saturated NaHCOa solution and then 
reduced to dryness under reduced pressure to provide a foam. This foam was purified using column chro- 
matography (eluent of a 1:2 EtOAc/CH2Cl2 solution). The fractions containing the desired product were 
combined and reduced to dryness under reduced pressure to provide 100 mg of a 60:40 mixture of the 
desired subtitled intermediate and the starting material. 1,6-diphenyl-2(S),5(S>-dlazida-3(R),4(R).dlhy- 
droxyhexane. 

F. 1 ,6-Dlphenyl-2(S).5(S)-dla2ldo-3,4-c/s-epoxvhexane 

To a cold (O^^C) solution of 60 mg (0.14 mmol) of the subtitled Intermediate of Preparation 1E in 1.5 
mL of a 2:1 MeOH/THF solution, was added 0.325 mL of a methanollc solution of 0.5M NaOMe. The re- 
action mixture was then warmed to room temperature and allowed to react for one hour, followed by the 
addltbn of 3 mL of EtsO containing 2 drops of acetic acid (HOAc). The resulting solution was then poured 
into 65 mL of a 8:5 mixture of saturated NaHCXDa and Et20. The resulting layers were separated and the 
organic layer was reduced to dryness under reduced pressure to provide an oil. This oil was purified using 
column chromatography (eluent of 20% hexane in CH2CI2). The fractions containing the desired product 
were combined and reduced to dryness under reduced pressure to provide 31 mg of the desired subtitled 
Intermediate. 

iH NMR (CDQa): S 7.30 (m. 10); 3.57 (m. 1); 3.45 (m. 1); 3.18 (m. 2); 2.94 (m. 4). 

G. 1 ,6-Dlphenyl-2(S).5(S)-dlammonio-3.4-c/s-epoxyhexane dihydrochloride 

To a suspension of 350 mg of 5% Pd/C In 10 mL of a 9:1 EtOAC/HOAc solution, was added 0.368 g 
(1.11 mmol) of the subtitled Intermediate of Preparation IF. above. The mixture was then stirred rapidly 
under hydrogen (H2) gas for about 3 1/2 hours. When the reaction was complete, as determined by TLC 
the mixture was diluted with EtOAc and the 5% Pd/C was removed by filtration. The filtrate was then cooled 
overnight to provide 0.325 g of 1.6-dlpheny|.2{S).5(S)-dlammonio-3.4-c/s-epoxyhexane diacetate. To a 
solution of 0.100 g (0.249 mmol) of the diacetate in 4 mL of a 1:1 CH2Cl2/Et20 solution, was slowly added 
0.498 mL of a IN HCI In CH3CN resulting In the formation of 0.090 g of a white solid 
IH NMR (de-DMSO): 6 8.40 (br.s. 6); 7.30 (m, 1 0); 3.40 (m. 4); 3.05 (m, 4). 
MS: m/e 284 (M* -2CI). 

Preparation 2 

A. Benzhydryl 2(S)-ammonio-3(S)-methylpentanoate. p-toluenesulfonate 

Diphenyldiazomethane was added to a solution of 15.03 g (49.54 mmol) of L-lsoleuclne. p-toluene- 
sulfonate in 460 ml of a 4:5 CHaCN/MeOH solution until a light pink color persisted (1 7.12 g (88.1 6 mmol) 
of diphenyldiazomethane). at which time 2 mL of glacial HOAc was added. The resultant solution was stir- 
red for approximately 15 minutes at room temperature and then concentrated under reduced pressure to 
provide a yellow solid. This solid was then purified by recrystallizatlon in hot CH3CN to provide 21.64 g of 
the desired subtitled Intermediate. 

IH NMR (CD3OD) 5 7.67 (d. J=9 Hz. 2); 7.37 (m. 10); 7.20 (d. J=9 Hz. 2); 6.98 (s, 1); 4.13 (d, J=3 Hz 1)- 
2.34 (8. 3); 2.01 (m.1); 1.17-1.46 (m. 2); 0.80-0.97 (m. 6). ' 
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R RAnzhvdr vl 2^S)-amlno-3(S)- methvlpentanoate ^^^a^ma^ 
To a solution of 21 .64 g (46.08 m mol) of the subtitled intermediate of Preparation 2A. was added 450 
mL of a saturated NaHCOs solution which resulted In the release of a gas. When the reaction was complete, 
the resultant layers were separated and the organic layer was reduced to dryness under reduced pressure 
to provide 

13 61 q of the desired subtitled intermediate. ^ , « 

iH NMR (CDCIs) S 7.19-7.45 (m. 10); 7.93 (s. 1); 3.47 (d. J=3 Hz. 1); 1.85 (m. 1); 1.33-1.50 (m. 4); 0.92 
(d. J=8Hz.3);0.83(t,J=8. 3). 
C Benzhydryl 2fS)-c arbamoyl-3(S)-methylpentanoate 

' Asolution of 4.97 g (16.7 mmol) of the subtitled intermediate of Preparation 2B and 4.7 mL (33.7 mmd) 
of BtM was cannulated into a hot (60»C) solution of 2.51 g (8.46 mmol) of triphosgene In 90 mLoftoluene. 
The temperature was then increased to 100'C and the solution was allowed to react overnlghL The reac- 
tion mbrture was cooled to 0»C resulting In the fbrmatlon of a precipitate. This precipitate was removed by 
filtration and washed with a 1:1 EtOAc/hexane solution. The resulting solution was reduced to dryn^ 
under reduced pressure to provide 5.45 g of the desired subtitled intermediate of sufficient punty (ca. 90% 
bv NMR) for use in subsequent reactions. . . l, 

1H NMR (CDCI3) 6 7.23-7.47 (m. 10); 6.98 (s. 1); 4.05 (d. J=3 Hz. 1); 2.05 (m. 1): 1.18 (quintet. J=8 Hz. 2); 
1.00 (d, J=8 Hz, 3); 0.80 (t. J=8 Hz. 3). 

D Rftnzhvdrvl2(S)- N-r(quinol-2-ylmethoxy)carfaon vnamino-3(S)-methylpentanoate 

• To a solution of 0.506 g (3.18 mm ol) of 2-hydroxymethylquinollne and 0.315 g (3.18 mmd) of copper 
(I) chloride in anhydrous DMF. was added 1.13 g (3.50 mmol) of the subtttled Intermediate of Pwpofto" 
2C When the reaction was substantially complete, as indicated by TLC, the reaction mixture was diluted 
with EtOAc and washed with a half-saturated brine solution. The resulting layers were separated and the 
organic layer was dried over Na^SO^ and reduced to dryness under reduced P»88uw » ^""^.^^Z 
OIL This oil was purified by column diromatography (eluentof 65% hexane in ElOAc) to provide 1.23 g of 
the desired subtitled intermediate. - , ^av s ao 
iH NMR (CDOa) 8 8.15 (d. 1); 8.05 (d. 1); 7.8 (d. 1); 7.70 (t. 1): 7.55 (t. 1); 7.45 (d. 1); 7.30 (m. 10); 6.92 
(s 1); 5.43 (d. 1); 5.40 (s. 2); 4.5 (m. 1); 2.0 (m, 1); 1.2 (m. 2); 0.9 (d. 3); 0.82 (t. 3). 

c ' o/Q\.M.KQninQlin- 2-vimethoxv)carbonyllamino-3(S)-met hvlpentanoic add 

• ■ Vhe subtitled Intermediate of Prepara tion 2D. above, was dissolved in 12 mL of dioxane contelniiig 3 
mL of concentrated HCI. The resulting solution was heated to 100'C and allowed to react for approximately 
5 minutes, then cooled to room temperature and stirred until the reaction was substantially a»mplete. as 
Indicated by TLC. The resulting sdution was reduced to dryness under reduced pressure and then redis- 
soh/ed in a saturated NaHCO, sdution. The resdting sdution was washed with 100 mLofEtzO and then 
acidified to pH 4 using IN HCI. The desired product was then extraded with a sdution of 10% isopropanol 
(iPr) In CH2CI2. dried over Na2S04 and filtered. The filtrate was then reduced to dryness under reduced 
pressure to provide 0.567 g of the desired subtitled intermediate. ivi7ft/m iv 
IH NMR (drDMSO) 5 8.35 (d. 1); 7.92 (d. 2); 7.70 (m. 2); 7.53 (m. 2); 5.22 (8. 2); 3.92 (m. 1): 1.78 (m. 1). 
1.40 (m. 1); 1.20 (m, 1); 0.90 (m, 6). 

Preparation 3 

^' ^^^^7^i^i^S^39.2 g (0.9 md) of (^toluoyl chloride in 1200 mL of CH^Cb. under N^. was 
slowlv added 180.0 g (1.8 mol) of EtaN followed by the dropwise addition of a solution containing 73.14 9 
(1 0 md) of r-butylamine in 200 mL of CH^Ct The resulting reaction mbdure warm«J to room tenv 
perature and allowed to react for 2.5 houre. The reaction mbcture was then diluted wthlSOO mL of HA 
The resulting layers were separated, and the organic layer was washed sequentially with 2N NaOH^ON 
HQ and brine, dried over MgS04. filtered and then reduced to dryness under reduced pressure to provide 
167.6 g of an off-white solid, (mp 77-78"'C). 

^H NMR (CDCI3): 8 1.41 (s. 9H); 2.41 (s. 3H); 5.54 (br.8. IH); 7.13-7.30 (m, 4H). 

IR (CHCI3): 3430. 3011. 2971. 2932. 1661. 1510. 1484. 1452. 1393. 1366. 1304. 1216. 876 cm-i. 

MS (FD): m/e 191 (M*). 1 91 (1 00). 
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Analysis for C12H17NO: 


Calcd: 
Found: 


C, 75.35; 
C. 75.10; 


H, 8.76; 
H.9.11; 


N, 7.32; 
N, 7.20. 



B. ( S)-N-f-Butyl-2'(3-(N-benzyloxycarbonyl)amlno-2-oxo-4-phenylbutyl)benzamide 

To a solution of 7.0 g (36.5 mmol) of the subtitled intermediate of Preparation 3A in 200 mL of anhy- 
drous THF. was added 12.1 mL (80.3 mmol) N,N.N\N'-tetramethylethyienediamine (TMEDA) was added 
via syringe. The resulting solution was cooled to -78'C and then 55.9 mL of sec-butyllithium was added 
dropwise via syringe while maintaining the temperature of the reaction under -BO^'C. The resulting reaction 
solutfon was then allowed to stir for approxinnately 1 hour at -78**C before the addition of a solution con- 
taining 5.00 g (14.6 mmol) of (S)-N-methoxy-N-methyl-2-(N-phenylmethyloxycarbonyl)amino-3-phenyl- 
propanamlde In 50 mL of anhydrous THF. added via cannula while maintaining the reaction temperature 
below -65^C. The resulting reaction mixture was warmed to -20*»C, quenched using 20 mL of saturated 
NH4CI and then diluted with 200 mL of Et20. The resulting layers were separated and the organic layer 
was washed sequentially with H20, 0.2N sodium hydrogen sulfate (NaHS04) and brine, dried over NazSO^, 
filtered and then reduced to dryness under reduced pressure to provide a colorless oil. This oil was purified 
using flash chromatography (eluent of 25% EtOAc in CH2CI2). 
Yield: 6.08 g (88%) of a colorless foam. 
[a]o -289.260 (c 0.12, MeOH). 

iH NMR (CDCI3): 5 1.38 (s, 9H); 2.99 (dd. J=15; 6 Hz, 1H); 3.24 (dd, J=15. 6 Hz, 1H); 3.89 (d, J=18 Hz. 
1H); 4.16 (d, J=18 Hz. IH); 4.72 (dd. J=15. 6 Hz. 1H); 5.00-5.09 (m, 2H); 5.56 (d. J=6 Hz. IH); 5.93 (br.s. 
IH); 7.03-7.40 (m, 14H). 

IR (CHCI3): 3431. 3027. 3012, 2973. 1713. 1658, 1511, 1454. 1383. 1366, 1307, 1231. 1046 cm-\ 
MS (FD): m/e 472 (M*). 218 (100). 



Analysis for C29H32N2O4: 


Calcd: 
Found: 


C. 73.70; 
C. 73.41; 


H. 6.82; 
H. 6.98; 


N. 5.93; 
N. 5.83. 



C. [2R-(2/?*,3S*)l-N-f-Butyl-2-(3-(N-benzyloxycarbonyl)amino-2-hydroxy-4-phenylbutyl)benzamide 

To a solution of 6.96 g (14.7 mmol) of the subtitled intermediate of Preparation 3B in 200 mL of absolute 
ethanol (EtOH), under Nj, was added 2.78 g (73.5 mmol) of sodium borohydride. When the reaction was 
substantially complete, as indicated by TLC, the reaction mixture was diluted with 200 mL of EtOAc and 
quenched by the dropwise addition of 20 mL of saturated NH4CI. The resulting layers were separated and 
the organic layer was washed sequentially with IN HCI. saturated NaHCOg and brine, dried over NaS04, 
filtered and then reduced to dryness under reduced pressure to provide 6.4 g of a colorless oil. This oil 
was purified using flash chromatography (gradient eluent of 2-10% CH2CI2 in EtOAc) to provide 5.12 g of 
the major, desired diastereomer. 
Yield: 74%. 

[a]D+10.38« (cO.10. l\4eOH). 

IH NMR (CDCI3): 5 1.40 (s, 9H); 2.79 (dd. J=12; 3 Hz. 1H); 2.90-2.98 (m, 2H); 3.04 (44. J=12, 3 Hz, IH); 
3.70-3.81 (m, IH); 3.97 (m. IH); 4.96-5.08 (m. 2H); 5.10 (d. J=9 Hz, IH); 5.88 (d. J=6 Hz, IH); 5.93 (s. 
IH); 7.13-7.42 (m. 14H). 

IR (CHQa): 3431, 3028. 3012, 2971, 1773. 1643. 1515. 1454. 1367. 1229, 1028 cm-i. 
MS (FD): m/e 475 (M^, 475 (1 00). 



Analysis for C29H34N2O4: 


Calcd: 
Found: 


C. 73.39; 
C, 73.12; 


H. 7.22; 
H, 7.48; 


N. 5.99; 
N. 5.62. 



D. [ 2R-(2A?*,3S*)]-N-/-Butyl-2-(3-amino-2-hydroxy-4-phenylbutyl)benzamlde 

A suspens ton was prepared containing 41 .0 g (1 20 mmol) of the su btitled intermediate of Preparation 
3C and 500 mg of 1 0% Pd/C in 1 50 mL of absolute EtOH. This suspension was shaken under 60 psi of H2 
gas in a Panr shalcer apparatus. The 10% Pd/C was then removed by filtration and the resultant filtrate 
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was reduced to dryness under reduced pressure to provide 31.1 g of the desired subtitied intermediate 
as a light yeliow foam. This foam was used without further purification. 

Yieid:96%. 

(m 2H): 3.23-3 29 (m. 1H); 3.84-3.90 (m. 1H): 6.23 (s. 1H); 7.19-7.37 (m 12H . 
IR (CHaa): 3440. 3382. 3007, 2970. 2934, 1643. 1516. 1454. 1367. 1213 oiri. 

P^SoMJ:i^^el;a«ysu°tiU^^ 
The resultant compound was depiotected before further reaction as detailed in Preparation 3D. 

Preparation 4 

r2R42/r,3y)l-N-f-Butvi-2-(34N-benzvloxvcarbonyl)am ino-2-hvdroxy^ 
Yield: 4.84 mg (82%) of a colorless foam. 

S mmpIcdS V?1 46 fe^^^^^^ 2 32 (s 3H); 2.76 (d. J=15 Hz. IH); 2.85-2.95 (m. 2H); 3.04 (dd. JM5.5 Hz. 
I'r (CHCI3): 3431. 3274. 3027. 3012. 2970. 1713. 1643. 1514. 1496. 1454. 1367. 1224. 1039. 910 cmrL 



Analysis for C30H36N2O4: 


Calcd: 
Found: 


C. 73.74; 
C, 73.55; 


H. 7.43; 
H, 7.50; 


N, 5.73; 
N, 5.96. 



Deprotection provided 4,2 g (89%) of a colorless foam. 
Preparation 5 

ophe^onr2r:nTHF.wa/added^V^ 

orous stirred at room temperature for approximately two hours, dunng which time a gumr^ P^^""** 
Z^^d at the bottom of the flask. The solution was decanted from the gum. and the desired compound 
wITextS^d from the gum using CH^a.. The res^^^ 

reauentSy i t~aS^ IN potassium carbonate (K.COa) and brine solutions. The resuming layers 
TrrseSS and-the organic layer was dried over Na,SO.. filtered and then concentrated under re- 
redr^rotoprovideapalepinksolid.Thlssolldwasrodissolved^ 

Soo mTof hot hexane. The resulting solution was slowly cooled to room temperature to provide 21 .6 
g of colorless needles. 

^JlRTcDa,): 8 7.73 (t. J=7.5 Hz. IH); 7.86 (t. J=7.9 Hz. IH); 7.95 (d. J=8.2 Hz. IH); 8.29-8.42 (m. 
3H). . „ 



Analysis for C16H6NO2F6: 


Calcd: 
Found: 


C. 56.65; 
C, 56.66; 


H. 1.78; 
H. 1.77; 


N. 4.13; 
N, 4.12. 



B /g\.9.MWniiinQlin-2- vlcarbonvl)amino-3-ca rbamoyl propanoic acid 

^ AsolutiSn was prepared conLlning 17.9 g (51.2 mmol) of the sub titled '^^'«!^ ^l^'^j'^'^X!^ 
6 99 fl Se LmoO «rf L^aspareglne monohydrate and 1 5.7 g (1 86 mmol) of NaHCOa in 26^ 

219 mi of dioxane. The reding suspension was stirred vigorously overnight at room tempe^ture 
reacrtonmixture was then concentratedunder reduced pressure to remove the dioxaneandthere^^^^ 
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aqueous layer was acidified to pH 3 using 2N NaHS04. The desired subtitled compound was then extract- 
ed from the aqueous layer with 60 mL of a 3:1 chlorofonm (CHaaViPr solution. The organic layers were 
then washed with a brine solution, dried over Na2S04, filtered and then reduced to dryness under reduced 
pressure to provide a colorless solid. This solid was washed with 500 mL of EtjO and 250 mLof hot hexanes 
and then dried at SC'C under reduced pressure for three hours to provide 10.61 g of the desired subtitled 
intermediate. 
Yield: 79%. 

[ajo +16.54MC1.01 , DMSO). 

iH NMR (DMSO-de): 5 2.68 (dd, J=16.0, 4.9 Hz, 1H); 2.81 (dd, J=16.0. 5.7 Hz, 1H); 4.74-4.81 (m, 1H); 6.96 
(s, IH); 7.70 (t, J=7.5 Hz, IH); 7.85 (t, J=7.5 Hz, IH); 8.05-8.16 (m. 3H); 8.66 (d, J=8.5 Hz. IH); 9.12 (d. 
J=8.6 Hz, IN); 12.8 (s. IH). 

IR (KBr): 3385, 3367, 3216, 1171. 1662. 1523. 1499. 1427. 780, 592 cm-i. 
MS (FD) m/e 288(1^). 288(100). 



Analysis for C14H13N3O4: 


Calcd: 
Found: 


C, 58.53; 
C. 58.80; 


H, 4.56; 
H,4.67; 


N, 14.63; 
N, 14.56. 



Preparations 6-8 were prepared substantially in accordance with the procedure detailed in Preparation 5A 
and B. 

Preparation 6 (S)-2-N-(quinoxalin-2-ylmethylcarbonyl)amjno-3-carbamoyl propanoic acid 
Preparation 7 (S)-2-N-(naphth-2-ylmethyIcarbonyl)-amino-3-carbamoyl propanoic acid 
Preparation 8 (S)-2-N-(quinolin-2-ylcarbonyl)amino-3-carboxy propanoic acid 

Preparation 9 

A. [3S-(3/?*,4aR*,8aR*,2'y,3'/?*)]-2-[3'-N(Benzyloxycarbonyl)amlno-2'-hydroxy-4'-phenyl]but^ 
tyl)decahydroisoquinoline-3-carboxamide 

A solution of [1R-(tR*,3S*,f'S*,4aS*,8aS*)]-1-[(r-N-benzyloxycarbonylamino-2'-phenyl)ethyl]oxlr- 
ane and decahydroisoquinoline-3-N-f-butylcarboxamide in absolute EtOH was heated at 80°C overnight. 
The reaction mixture was reduced to dryness under reduced pressure to provide a residue. This residue 
was purified using flash chromatography (gradient eluent of 10-50% EtOAc in CH2CI2) to provide 6.47 g 
(75%) of an off-white foam. 

IH NMR (CDCI3): 8 1.29 (s. 9H); 1.25-2.05 (m. 2H); 2.20-2.35 (m. 2H); 2.55-2.70 (m, 11H); 2.85-3.10 (m. 
3H); 3.24 (br.s, IH); 3.82 (br.s, 1H); 3.98 (br.s. IH); 4.99 (br.s. 2H); 5.16-5.18 (m. IH); 5.80 (br.s, IH); 7,05- 
7.38 (m, 10H). 

IR (CDCI3): 3600-3100 (br.), 3031. 2929, 1714, 1673, 1512. 1455, 1368. 1232. 1199. 1047 cnr\ 
MS (FD): m/e 536(MH). 1068(100). 

B. [3S-(3/y.4aR*.8aR*,2'y,3'/r)]-2-[3'-Amino-2'-hydroxy-4'-phenyl]butyi-decahydro^ 
butyl carboxamide 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
In Procedure 3D, using 6.37 g (11.91 mmol) of the subtitled intermediate of Preparation 9Aand 1.2 g of 
1 0% Pd/C in 200 mL of absolute EtOH to provide 5.09 g of a solid. This compound was used without further 
purification. 

IH NMR (CDCI3): 8 1.33 (s. 9H); 1.40-1.95 (m, 10H); 2.25-2.48 (m, 2H); 2.59-2.75 (m. 3H); 2.80-3.40 (m. 
7H); 3.75-3.90 (m, IH); 6.19 (br,s, IH); 7.18-7.35 (m. 5H). 

IR (CDCI3): 3600-3100 (br), 2929, 2865. 1671. 1515, 1455, 1367, 1245. 1047 cm-^. 
MS(FD)m/e402(MM00). 

Preparation 10 

A. N-[(r-Oxo-r-(3"-iodo-4"-methyl)phenyl)methyl]-1,2,3.4-tetrahydroisoquinoline 

To a solution containing 5.00 g (19.1 mmol) of 3-iodo-4-methylbenzoic acid and 3.40 g (21.0 mmol) 
of 1.1-carbonyldlimidazole in 80 mLof THF, under N2, was added 2.7 mL (21.0 mmol) of 1,2,3,4-tetrahy- 
droisoquinoiine, by syringe. The resulting reaction mixture was allowed to react for approximately 2 hours 
and then reduced to dryness under reduced pressure to provide a residue. This residue was redissolved 
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in 100 mL of EtOAc. washed sequentially with saturated NaHCOj and brine solutions, dried over NajSp*. 
Imered and then reiiucedtodrynessunder reduced pressure to providealightyeliowoi^ 

f ied using flash chromatography (gradient eluent of 
14-20% hexane in EtOAc) to provide 6.92 g of a dear oil. 



J?IJmR (CDCI3): 8 2.46 (s. 3H): 2.90 (br.8. 2H); 3.65 (br.s. 1H): 3.95 (br.s. 1H); 4.85 (br.s. 1H); 7.17-7.34 

^rn 6HV 7 90 (s 1H) 

IR (CDCIs): 3010. 1624. 1586. 1547. 1497. 1370. 1300. 1253. 1108. 1050. 1035. 831 cnri. 



Analysis for C17H16NOI: 


Calcd: 
Found: 


C. 54.13; 
C. 53.89; 


H. 4.28; 
H. 4.24; 


N. 3.71; 
N, 3.61; 


1, 33.64; 
i, 33.52. 



B. Nl-ri^Oxo-r-(3"-methoxvcarbonvl-4"-meth vl^phenv>1methyl-1A3.4-tettahydro.8^^^^^^^^ 

Asolution containing 6.35 g (16.8 mmol) of the subtitled compound <J P^Parafo" 'J^J^^^^^^.i^'? 
mmol)ofdlcydohexylamineand1.18g(1.68mmol)ofbis(triphenylphosph.ne)palladmm(n)chl^^^^^^^ 

mL of anhydrous IVIeOH was vigorously stirred under an atmosphere of cart)on monoxide. When the re- 
action was substantially complete, as indicated by TLC. the mbcturo was reduced todryness uiider reduced 
^siLre to provide a residue. This residue was redissolved in 200 mLof ElOAc and the resulting nrjoctu^e 
f^teredthroughcelitetoremove insoluble organic salts. The resultantfiltrate was washed^^^^^^ 
sarated NaHCOa and brine solutions, dried c^er Na^O*. filtered and then reduced to ^JV-jess under 
reduced pressure. The resultant material was purified using flash dirorrwtography (gradient eluent of 
14-20% EtOAc iri hexane) to provide 4.54 g of a dear oil. 

I? NMrTcDCIs): 5 2.84 (s. 3H): 2.90 (br.s. 2H): 3.89 (8. 3H); 3.98 (br.8. IH); 4.59 (br.8. 1H); 4.87 (br.s. 
^R'i^X'^r^ ?Sm5w1-1497. 1436. 1306. 1268. 1236. 1210. 1149. 1109. 1085 cm-L 



Analysis for CigHigNOs: 


Calod: 
Found: 


C. 73.77; 
C. 73.95; 


H. 6.19; 
H. 6.43; 


N,4.53: 
N. 4.57. 



C M.fV-Qxo-r-(3" -carboxv-4"-methvnphenyllmethyl -1.2.3.4-tetrahydroisoquinoline 

• 3 solution conta ining 4.25 g (13.8 mmol) of the subtitled compound of Preparation 10B in 200 mL 
of a 3-1 THF/H,0 mbrture. was added 661 mg (27.6 mmol) of lithium hydroxide (UOH). The reaction mature 
was reacted for approximately 24 hoursand then was concentrated under reduced pressure and acidified 
(dH 2-3) by the dropwise addition of 1N HQ. resulting in predpitation of the crude product The resulting 
suspension was combined with 75 mL of EtOAc. and the resulting aqueous and organic layere were sepa- 
rsted The aqueous phase was extraded twice with EtOAc and the combined organic layere were washed 
with brine, dried over Na.SO. filtered and then reduced to dryness under ^^duc^d p^^^^^^ prov.de a 
residue. This residue was purified using column chromatography (silica gel; eluent of 15% MeOH in 
CH,CI,) to orovide 4.05 g of an off-white foam. ..... ... 

S (CDcl): 8 2.68 (s. 3H); 2.92 (br.s. 2H); 3.67 (br.s. IH); 4.00 (br.8. IH); 4.62 (br.s. IH); 4.91 (br.s. 

,R(yDJt):'i'oir^^^^^^^ 1584. 1498. 1445. 1371. 1301. 1237. 1202. 1167. 1060.981.934. 

838cfTri. 



Analysis for C18H17NO3: 


Calcd: 
Found: 


C, 73.20; 
C. 73.14; 


H. 5.80; 
H, 5.90; 


N. 4.74; 
N, 4.44. 
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Preparation 11 

N-[1 '-0x0-1 -(3'''Carboxy-4"-ethyl)phenyl]methyl-1 .2,3,4-tetrahydrolsoquinoiine 

The titled compound was prepared suk>stantially in accordance with Preparation 10. 
5 Yield: 1.35 g (88%) of a white foam. 

iH NMR (CDCI3) 6 1.27 (t, J=7.5 Hz, 3H); 2.96 (br.s, 2H); 3.10 (q. J=7.4 Hz. 2H); 3.66 (br.s. 1H); 3.99 (br.s. 
IN); 4.62 (br.s. 1H); 4.89 (br.s, 1H); 7.13-7.25 (m. 4H); 7.38 (d, J=7.9 Hz. 1H); 7.58 (d, J=7.2 Hz. 1H); 8.12 (d. 
J=1.6 Hz, 1 H). IR (KBr): 3600-2300 (br.); 1700. 1625, 1497, 1443, 1300, 1237. 1150, 1109. 1048. 933 cmri. 
MS (FD): m/e 309(ir, 100). 

10 

Preparation 12 

1,6-Diphenyl-2(S);5(S)-dlammonio-3(R);4(R)-dihydroxyhexane 

The titled compound was prepared substantially in accordance with the procedure detailed in Preparation 
15 1G, using 285 mg (0.81 mmol) of the subtitled compound of Preparation ID and 143 mg of Pd/C in 9 mL of 
Eton containing 1 mLof concentrated HQ, to provide 175 mg (58%) of a white solid. 
IN NMR (CD3OD): 5 1.98 (d, J=2 Hz, 2H); 2.79-3.07 (m, 4H); 3.60 (br., 2H); 3.75 (br., 2H); 7.20-7.37 (m, 10H). 
MS (FD): 301 (M^. 

20 Example 1 

1,6-Diphenyl-2(S);5(S)-di[N-[2(S)-N(benzyloxycarbonyl)amino-3-methyi-butanoyi]ami 

A solution of 215 mg (0.818 mmol) of 2(S)-N(benzyloxycarbonyl)amino-3-methylbutanoic acid, 12 mg 
(0.082 mmol) of HOBTHaO, 104 ^iL (0.818 mmol) of NMM and 362 mg (0.818 mmol) of benzotriazol-1-yloxyt- 

25 rls(dimethylamino)phosphonium hexaf luorophosphate (BOP) In 2 mL of DMF was prepared and allowed to stir 
at room temperature for approximately 1 0 minutes. Concurrently, 80 (0.40 mmol) of N,N-dicyclohexylamine 
was added to a solution of 71 mg (0.20 mmol) of the subtitled intermediate of Preparation 1G in 6 mL of DMF, 
resulting in the fonmation of a white solid. This solid was removed by centrif ugat'ion and the filtrate was added 
to the above solution. The resulting reaction mixture was concentrated under reduced pressure to a volume 

30 of 2.0 mL and allowed to react for about 48 hours at room temperature. The reaction mixture was then diluted 
with 20 mL of EtOAc and the resulting solution was added to 120 mL of a 2:1 EtOAc/O.IN HCI. The resultant 
layers were separated and the organic layer was washed with a 1 :1 mixture of saturated NaHCOa/brlne solu- 
tions, dried with Na2S04, filtered and then reduced to dryness under reduced pressure to provide 110 mg of 
material. This material was then purified using flash chromatography (eluent of 65% toluene in EtOAc) to pro- 

35 vide 52 mg of the desired titled product. 

IN NMR (80% CDCl3/20% CD3OD): 8 7.35 (s, 10); 7.18 (m, 10); 6.12 (s. 4); 4.20 (d. 2); 4.12 (m. 1); 3.90 (d, 1); 
3.18 (m. 1); 2.82 (m, 5); 2.05 (m, 2); 0.90 (m, 9); (d, 3). 
MS: m/e 749 (M* +1). 



40 


Analysis for C44HG2N4O7: 




Calc: 


C, 70.57; 


H, 7.00; 


N, 7.48; 




Found: 


C, 70.31; 


H, 7.11; 


N, 7.76. 



^ The following Examples 2-5 were prepared substantially in accordance with the procedure detailed in Ex- 
ample 1, using HOBT H2O. NMM and BOR 

Example 2 

so i,6-Diphenyl-2(S);5(S)-di[N-[2(S)-N(benzyloxycarbonyl)aminobutanoyl]aminol-3,4-c/s-epoxyhexane 

The titled compound was prepared using 194 mg (0.818 mmol) of 2(S)-N(benzyloxycarbonyl)aminobuta- 
nolc acid and 71 mg (0.20 mmol) of the subtitled intermediate of Preparation 1G to provide 21 mg of the desired 
compound. 

iH NMR (80% CDCl3/20% CD3OD); 5 7.35 (s, 10); 7.20 (m, 10); 5.15 (s, 4); 4.25 (d. 2); 4.10 (m, 1); 3.90 (d. 1); 
55 3.1 5 (m. 1 ); 2.80 (m. 5); 1 .45 (m. 4); 0.8 (m. 6). 
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Example 3 

1.6.DiDhenvl-2(S);5(SVdiKH2(SVN[(quindin.2-vlmethoxy)ca ^ 

^^^S compound was prepared using 365 mg (1.1 5 mmol) of the subtitled intermediate of Preparation 
2E a?d 1 obmgX^ mmol) of the subtitled intermediate of Reparation 1G. The resultant matenai was pun- 
f usilg reverse phase HPLC (45o/o CH,CUm% MeOH/20% H,0 containing 0.5% NH4OAC) to pravide 90 

mmn (CD3OD): 8 8.25 (d. 2): 7.95 (d. 2); 7.85 (d. 2): 7.70 (m. 2); 7.55 (m. 4); 7.10 (m 10^5.35 (m 4); 4.25 
(m 2): 4.20 (d. 1); 4.0 (m. 2); 3.22 (m. 1): 2.80 (m. 4): 1.8 (m. 2); 1.5 (m. 1): 1.3 (m. 1); 1.1 (m. 2). 0.8 (m. 12). 
MS:m/e879(M*+1). 



Analysis for C62H58N607- 


Calc: 
Found: 


C. 71.05; 

C, 71.05; 


H,6.65; 
H, 6.70; 


N, 9.56; 
N, 9.75. 



Example 4 

1.6-DiphenYl-2(S):5(S)-dirN-f2(SVN-IINrmethvlVN(quinolin-2 -vlmethvnamino]carbonyl1aminobutanoyllamino]- 

^^^llrSSund was prepared using 187 mg (0.62 mmol) of ^CS^N-^ICmethylVN^^^^^^^ 
thvh aminolcarbamoyllaminobutanoic acid and 63 mg (0.18 mmol) of the subtitled intermediato of Preparation 
ia ^,e relSCt m^^^ was purified using reverse phase HPLC (50% CH3CN/20% MeOH/30% con- 
tainina 0 5% NHaOAc) to provide 50 mg of the desired product. ^ , H«r / -io\ 

H iJmR (CD3OD): 8 8.25 (dd. 2): 7.95 (m. 2); 7.85 (m. 2); 7.70 (m. 2); 7.55 (t. 2); 7-40 gd 2); 7.15 (m l 0 
4^0 (ABX. 4); 4.^5 (m. 2); 4.15 (m. 2); 4.0 (m. 1); 3.25 (m. 1); 3.02 (s. 3); 2.97 (s. 3); 2.80 (m. 4); 1.7 (m. 4). 



0.85 (m, 6). 
MS:m/e849(M*+1). 



Example 5 

l^e^DiphenyUg^^ 

S^^^'^SSpared using 232 mg (0.704 mmol) of 2(S)- W(methy.)-N(quinoHn.2.^^ 
thyl)^mi™W3(sVreth^Pentanoic acid and 72mg(0. 

of Preparation 1G. The resultant material was purified using reverse phase HPLC (50^ CH,CN/20^ 
MeOH/30% H2O containing 0.5% NH4OAC). , ,j ox ■» <e/-, -tm- a 

1H NMR(CD30D) : 8 8.25 (dd. 2); 7.95 (m. 2); 7.85 (d. 2); 7.70 (m. 2); 7.55 ft 2): 7:40 (d. 2); 7 1 5 (m. 10 4^5 
(ABX 4); 4.38 (d. 1); 4.28 (t. 1); 4.20 (m. 1); 4.0 (m. 2); 3.25 (m. 1): 3.02 (s. 6); 2.75 (m. 4); 1.78 (m. 2). 1.05- 
1 .45 (m. 4); 0.75 (m, 12). 
MS:m/e906(M**2). 

Examples 

^ ?Sro~— 

443 mq (1 54 mmol) of (S)-2-N(quinolin-2-ylcarbonyl)-amlno.3-carbamoylpropanoic acid and 208 mg 1 .54 
mrSoZf HOB?!h,0 in 10 mL of anhydrous THF and 1 .75 mL of anhydrous DMF. was added 309 mg (^ 50 
mS Sdicydohexylcarbodiimide (DCC). under N.. The resulting reaction mbcture was a owed to reartat 
^SSft apUxImaVely twenty minutes, then at 0-C for 1 hour and then <^^r'^'!';'"Z^2TZ^n 
reacton mWure was then cooled to 0»C and filtered to remove the resultant precprtate. The f. Urate was con- 
^ntrated under reduced pressure to provide a residue which was redissolved In 50 mL of EtOAc. washed s^ 
S^enfiX S Hrf). saturated NaHCO,. 5% citric acid and brine. The resulting layers were separated and the 
SX^waLd^edov^^ 
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This foam was purified using radial chromatography (1.0 mm plate, gradient eluent of 0-10% MeOH In CH2CI2). 

Yield: 487 mg (55%). 

[ale +11.93MC 0.10. MeOH). 

1H NMR (CDCI3) : 8 1.46 (s, 9H); 2.71 (dd. J=15.6 Hz, 1H); 2.81-3.01 (m. 4H); 3.07 (dd. J=15,3 Hz, 1H); 3.75- 
5 3.78 (m, 1H); 4.28-4.32 (m, 1H); 4.95 (dd, J=12. 6 Hz, 1H); 5.74 (br.s, 1H); 6.19 (br.s. 1H); 6.32 (br.s. 1H); 6.90 

(t, J=6 Hz, 1H); 7,01 (t, J=6 Hz, 1H); 7.08-7.38 (m. 6H); 7.64 (t, J=6 Hz. 1H); 7.79 (t. J=9 Hz. 1H); 7.80 (d. J=6 

Hz. 1H); 8.17-8.31 (m, 3H); 9.22 (d, J=9 Hz, 1H). 

NIVIR (75.4 MHz. CDCI9): $ 28.7, 35.3, 37.1, 37.2, 50.1, 52.1, 53.5. 55.9. 74.8. 118.7, 126.0. 127.0. 127.6, 

128.2, 129.3, 129.4, 130,0, 130.2, 130.3, 130.9, 137.4, 137.5, 138.2, 146.5, 148.8, 164.6, 170.4, 170.5. 
10 IR(CHCl3): 3428, 3411, 3359, 30 12, 2975, 1681, 1601. 1565, 1518. 1499. 1454. 1428. 1395. 1367. 1231. 1047 

cm-^. 



MS (FD): m/e 610 (M^; 221(100). 





Analysis for C35H39N5O5: 


15 


Calcd: 


C, 68.95; 


H. 6.45; 


N, 11.49; 




Found: 


C. 68.76; 


H. 6.55; 


N, 11.49, 



^ Example 7 

[1S^f7/?',4/?*,5yj^N-[1-(2^Am^no-2H3xoethyl)-2-oxo-3-aza-4-phenylTO^ 
methyl)-4~methylphenyi)hexyl]-2-quinolinyl carboxamide 

The titled compound was prepared substantially In accordance with tlie procedure detailed in Example 6 

25 using the subtitled intermediate of [2R-(2R*,3S*)]-N-f-butyi-2-(3-(N-ben2yloxycarbonyl)amino-2-hydroxy-4- 
phenylbutyl)-5-methylbenzamide and (S)-2-N(quinolin-2-ylcarbonyl)amino-3-carbamoylpropanoic acid, 
HOBT H2O and DCC. The resultant material was purified using flash chromatography (gradient eluent of 2- 
8% MeOIH in CH2CI2) to provide 2.00 g of crude material which was further purified using reverse phase HPLC. 
Yield: 1.95 g (74%). 

30 [a]D+28.57Mc0.10,IVleOH). 

iH NMR (CDCia): 6 1.43 (s. 9H); 2.30 (s. 3H); 2.63-3.05 (m. 6H); 3.65-3.76 (m, 1H); 4.22-4.35 (m. 1H); 4.89- 
4.97(m, IH); 5.51 (s. IH); 5,82-5.88 (br.s. IH); 6.09 (s. IH); 6.20 (s. IH); 6.84-7.24 (m, 10H); 7.63 (t. J=7.5 
Hz, IH); 7,78 (t. J=7.6 Hz. 1H); 7,85 (d, J=8 Hz, IH); 8.19 (t. J=8.4 Hz. IH); 8.28 (d, J=8.4 Hz. IH); 9.20 (d, 
J=8.1Hz, 1H). 

^ IR (CHCI3): 3410, 3022. 3013, 1674. 1519. 1497, 1454. 1428, 1367. 1210, 1047. 910 cnr\ 
MS (FD): m/e 62^W); 234(1 00). 





Analysis for C36H41N5O6: 


40 


Calcd: 


C, 69.32; 


H, 6.63; 


N, 11,23; 




Found: 


C, 68,73; 


H, 6,76; 


N, 11.07. 



Example 8 

A, [2R-f2R*,3S*,6S*Jl-N-^Butyl-2-(2-hydroxy-3>phenylmethyl-4-aza-5-oxo-6-N(benzyloxycar^ 
no)-7-carbamoylheptyl) benzamide 

To a cold (O^'C) solution containing 3.4 g (10 mmol) of the subtitled intermediate from Preparation 3D, 
2.6 g (1 0 m\mo\) of 2-N(benzyloxycarbonyl)amino-3-carbamoyl propanoic acid, 1 .09 mL (1 0 mmol) of NMM 
and 1.48 g (11 mmol) of HOBT H2O In 20 mL of anhydrous DMF, was added 2.4 mg (11 mmol) of DGC, 
under N2. The reaction mixture was warmed to room temperature and allowed to react overnight. The re- 
sulting reaction mbcture was filtered and the desired subtitled compound was extracted from the filtrate 
using EtOAc. The EtOAc solution was diluted with an EtOAc/HjO mixture. The resulting layers were sepa- 
rated and the organic layer was washed sequentially with saturated NaHCOs. 5% citric acid, saturated 
NaHCOa and brine solutions, dried over MgS04, filtered and then reduced to dryness under reduced pres- 
sure to provide a residue. This residue was then rinsed with an EtzO/hexane mixture and then filter dried 
in a vacuum desiccator. 



42 



EP 0 652 009 A1 



B'12R^ (2/r.3y!6WN-^Butvl-2-(2-hydroxy-3-phenv^^ 

^^^e subtitled compound was prepared substantially in accordance with the procedure detailed in 
Preparation 3D. using the subtitled compound of Example SAand Pd/C to provide 31.1 g (96%) of a pale 

c^''°is y/?.4/r.5S'JVN-(1-(2-amino-2-oxoethYl)-2-oxo-3-aza- 4-phenylmethyl-5-hydro^^ 
la'mino-1 - oxomethvl)phenyl)hexvn-7-methylqui noiin-2~yl carboxamide 

To a solution containing 135 mg (0.5 mmol) of 2-carboxy-7-methyl quinoline and 81 mg (0.5 mmol) of 

1 1-carbonyldiimidazole in 15 mL of anhydrous CHaa^. was added 227 mg (0.5 mmol) of the subtitled oom- 
pi>und of Example SB. The resulting reaction mixture was allowed to react overnight When the reaction 
was substantially complete, as detemiined by TLC. the reaction mixture was diluted with 100 mL of CH2CI2 
and 25 mL of HjO to provide an emulsion. This emulsion was washed sequentially with saturated NaHCOj. 
5% citric acid, saturated NaHCOj and brine solutions. The resulting mixture was dried over MgS04 and 
then reduced to dryness under reduced pressure to provide a residue. This residue was slurried with EtA 
Isolated by filtration and then dried in a vacuum desiccator at room temperature to provide 11 5 mg (37%) 
of the desired subtitled compound. 

mmRlcDa^8\M (s. 9H); 2.6-3.1 (m. lOH); 3.69-3.75 (m. 1H); 4.22-4.32 (m.lH): 4.28-4.35 (m. 1H): 
4 9 (m 1H); 5.3-5.35 (m, 1H); 5.9-6.05. (2 br.s. 2H); 6.89-8.3 (m. 14H): 9.3 (d. 1H). 
■ The following Examples 9 and 10 were prepared substantially in accordance with the procedure de- 
tailed in Example 8C. using the subtitled compound of Example 8B and the designated carboxy-substituted 
reagent 

Example 9 

[1S-(f/r.4R'.5S';VN-(1-(2-Amino-2-oxoethvl)-2-oxo-3-aza-4-phenylm ethvt-5-hydroxyw6^2-(1>«-bu^^^ 
methyl)phenyl)hexyl)-8-methylqulnolin-2-yl carboxamide 

The titled compound was prepared using 2-carboxy-8-methyl quinoline. 
Yield: 57.8% 

JIf NM^f (C ^-46 (s. 9H); 2.6-3.1 (m. 8H); 3.70-3.78 (m. IH); 4.28-4.32 (m. 1H); 4.9 (m. 1H); 5.2 (br.s. 



Analysis for C38H40N5O6: 


Calcd: 
Found: 


C, 69.32; 
C. 69.10; 


H, 6.62; 
H. 6.81; 


N. 11.23; 
N, 10.94. 



Example 10 

riS-(7/y.4/r,5y)1-N-(1-(2-Amino-2-oxoethylV2-oxo-3-a2a-4-phenyi^ ^^ 
methyi)phenyl)hexyl)-4-methylquinolin-2-vl carboxamide 

The titled compound was prepared using 2-carboxy-4.methyl quinoline. 
Yield: 35%. 

I^nKd^^^^^ (s. 9H); 2.6-3.1 (m. 10H); 3.7-3.78 (m. IH); 4.23^.35 (m. 1H): 4.9^.95 (m. IH); 5.35- 



Analysis for C38H40N5O6: 


Calcd: 
Found: 


C, 69.32; 
C, 69.06; 


H. 6.62; 
H. 6.64; 


N. 11.23; 
N, 11.25. 



The following Examples 11-15 were prepared substantially In accordance with the procedure detailed in 
Example 6. using HOBTHjO and DCC. 
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IS 



20 



25 



30 



35 



40 



45 



Example 11 

[1S-(f/?*,4/?*,5yj]-N>(1-(2-AmirK)-2-oxoethyiV2-<)xo-3-az^^ 
methyl)phenyl)hexyl)-2-(6,7>8.9-tetrahydr6naphthyl) carboxamide 
Yield: 75 mg (54%) of a colorless foam. 

iH NMR (CDCI3): 6 8.0 (d, 1H); 7.5-7.03 (m, 12H); 6.51 (br.s. 1H); 6.22 (br.s, 1H); 5.57 (br.8. 1H); 4.84 (m, 1H); 
4.23 (m. IH); 3.75 (m, IH); 3.12-2.5 (m. 10H); 1.81 (m, 4H); 1.43 (s, 9H). 
MS (FD): 629(M+i). 



10 


Analysis for C37H3eN406: 




Calcd: 


C, 70.79; 


H.7.55; 


N. 8.92; 




Found: 


C, 70.63; 


H. 7.31; 


N, 9.21. 



Example 12 

[1S-(t/r,4/r,5yJ^N-(1-lsop^opyl-2-oxo-3-aza-4-phe^ylmethyl-5-hydroxy•6K2-(1-^ 

nyl)hexyl)-2-quinoxalinyl acetamide ~ — ~ 

The desired titled compound was using the subtitled Intermediates from Preparations 3D and 6 tp provide 

51 nr>g (8%) of a yellowish foam. 

1 H NMR (CDCI3): 6 9.69 (s, 1 H); 8.31 (d, 1 H); 8.28-7.0 (m. 13H); 6.78 (m, 2H); 6.12 (m. 2H); 4,43 (m. 2H); 3.82 
(m, IH); 1.5 (s, 9H); 1.0 (dd, 6H). 
MS (FD): 597(M+i). 

Example 13 

[1S-(1R*,4/y*,5y)l-N-(1-lsopropyl-2-<>xo-3-aza^phenyinr>ethyl^hyc^ 
nyl)hexyl)-2-naphthyl acetamide 

The titled compound was prepared using the subtitled intermediates from Preparations 3D and 7 to provide 
9.6 mg (11%) of a tan foam. 

IH NMR (CDCI3): 5 8.22 (s. 1H); 7.93-6.7 (m, 15H); 6.1 (d, 1 H); 6.0 (s. IH); 4.49 (t, IH); 4.35 (m, IH); 3.82 (m. 
1 H); 3.09-2.77 (m, 4H); 2.2 (m, IH); 1.47 (s. 9H); 0.98 (t, 6H). 
MS (FD): 594(M+i). 

Example 14 

[1S-(t/y,4R*,5yj>N-(H2-Amino-2-Gxoethyl)-2-oxo-3-aza-4-phenylniethy^5^ 
methyl)thien-3-yl)hexyl)-2-quinolinyl carboxamide 
Yield: 90 mg (50%) of a white solid. 

iH NMR (CDOa): 8 1.42 (s. 9H); 2.75 (dd. J=7 Hz, IH); 2.95-3.20 (m. 5H); 3.77 (m, IH); 4.27 (m, IH); 4.95 (m. 

IH); 5.38 (br.s, IH); 5.93 (br.s, IH); 6.41 (br.s, 1H); 6.95 (m, 5H); 7.20 (m, 4H); 7.66 (t, J=8 Hz. IH); 7.81 (t, 

J=8 Hz. IH); 7.90 (d. J=8 Hz. IH); 8.20 (m. 2H); 8.34 (d. J=8 Hz. IH); 9.25 (d. J=8 Hz. IH). 

IR (KBr): 3302, 1667, 1498. 1427 cirr\ 

MS (FAB): mass 616.2591 (M+H). 

MS(FD):m/e615(M^). 





Analysis for C33H37N5O5S: 


50 


Calcd: 


C, 64.37; 


H, 6.06; 


N. 11.37; 




Found: 


C. 64.60; 


H, 5.98; 


N. 11.42. 
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[1S-(f/?*./r.5y;HN-(1.(2-Hydroxy-2-oxoethyl)-2-oxo^3-aza-4-phenylmethyl-5-hydroxy-^ 
1 -oxomethyi)phenyl)hexyl)-2-quinolinyi carboxamide 
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The desired titled compound was prepared using the subtitled intermediates from Preparations 3D and 8 

6 92rJ=8 Hz Iht: 7.02 (t. J=8 Hz. 2H); 7.12-7.37 (m. 6H): 7.75 (t. J=10 Hz. 2H); 7.90 (t. J=10 Hz. 2H); 7.98 
Tj^^inz ms:^^^^^^ 4H): 8.60 (d. J=10 HZ. 1H); 8.89 (d. J=10 Hz. 1H): 1Z40 (s. 1H). 



Analysis for C35H38N40e: 


Calcd: 
Found: 


C. 68.84; 
C. 68.61; 


H. 6.27; 
H. 6.44; 


N. 9.17; 
N. 9.10. 



The following Examples 16-19 were prepared substantially in accordance with the procedure detailed in 
Example 8C, using 1,1-carbonyldlimldazole. 

Example 16 

fiR -MR'.4R'.5S-JVN-(1-(2-(N-2-Pvridvlmethyl)aminoV2-oxoethyl]-2- oxo-3-aza-4-phenvlmethyl-5-hydroxy^ 

f9-M-/-butvla'mi no-1-oxomethyl^phenvl)hexyi)-2 -Quinolinvl carbcxamide .^^„Mnm 
^^ThetltL compound was prepared using 0.2g(0.33mmol) of thetitled compound of Example 15 and 0.07 

mL (0.66 mmol) of 2-aminomethylpyrldine. 

Jiir NMR rcoaJ^tl 48 (s 9H): 2.77-3.I6 (m. 6H): 3.80 (br.s. 1H): 4.33 (m. 1H): 4.59 (m. 2H); 5.02 (m. 1H): 
TgSTb^i Th?6.23 (s i^^^^ 4H): 7:15 (m. 1H); 7.20-7.42 (m. 8H): 7.57-7.70 (m. 2H); 7.82 (t. 

J=8 Hz. 1H); 7.91 (d. J=8 Hz. 1H); 8.18-8.40 (m, 4H); 9.35 (d. J=8 Hz. 1H). 



Analysis for C4iH44N606-2.2H20: 


Calcd: 

Found: 


C, 66.50; 
C, 66.35; 


H, 6.56; 
H, 6.20; 


N, 11.40; 
N, 11.00. 



Example 17 

M s-flR- 4R-.5S'JVN-(1-(2-(N-2-lmidazolylmethvnamino)-2-oxoethv l)-2-oxo-3-aza^phenylmethyl-5-hydroxy^ 
c /oV./!h..v»minft. l.oxomethyl)phenyOhexyl)- 2-Quinolinylcarboxamide 

^Te desired titled compound was ^Ipared us ing 0.50 g (0.62 -"T*; "V'^^'^'g^'^'^^^^^^^ 
15and0 28g(1.64mmol)ofimidazolemethylamlnedihydrochloride. substituting HOBT.H2O and DCC(fbr1.1- 

carbonyldiimidazole) to provide 0.26 g (46%) of a colorless solid. 

1H NMR (DMSO-de): 6 1.33 (s. 9H): 2.69 (m. 5H); 2.95 (dd. J=30 Hz. 14. 2H): 3.62 (br.s. ^^^•^ f ^}'^^:^]^^ 
4" 2^ J=10 HZ. 2H): 4.80 (br.s. 1H); 6.82 (br.s. 1H): 6.87 (t. J=8 • JH^Jff f • '^m « ^ ^J-^L m 
4H): 7.30 (t, J=7 Hz, 2H); 7.74 (t. J=7 Hz. 1H); 7.89 (t, J=9 Hz. 1H); 7.98-8.14 (m. 6H); 8.45 (t. J-6 Hz. 1H). 
8.58 (d, J=9 Hz, 1H); 8.96 (d, J=9 Hz. 1H). 



Analysis for C39H43N7O5: 


Calcd: 
Found: 


C, 67.91; 
C. 67.67; 


H, 6.28; 
H. 6.50; 


N, 14.21; 
N. 13.98. 



Example 18 

m-(1Fr 4Fr 5yjVN-(1-(2-(N^2^Benzimida2olylmethvl)amino)-2-ox oethvl)-2-oxo^3-aza-4-phenylniethy^ 

hvdroxv-6-(2-(1>^utvlamino>1-oxomethvl)ph 

Yield: 0.199 g (82%) of a yellow foam. 
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m NMR (DMSO-de): 8 1.34 (s. 9H): 2.63-3.30 (m. 5H); 3.60-3.65 (m. 1H); 3.88-3.91 (m, 1H); 4.43 (d, J=5.6 
Hz, 2H); 4.84 (dd. J=7.8, 6.0 Hz. 1H); 5.87 (d, J=5.3 Hz, 1H); 6.92-7.47 (m, 14H); 7.69-7.75 (m, 1H); 7.85 (t, 
J=7.7 Hz, 1H); 8.03-8.20 (m. 6H); 8.57 (d. J=8.6 Hz. 1H); 8.65 (m, 1H); 9.00 (d. J=8.2 Hz. 1H). 
MS (FD): nVe 743(M+i); 740(29); 739(50); 354(100). 



Analysis for C43H45N7O5-0.4H2O: 


Calcd: 
Found: 


C, 69.13; 
C, 68.84; 


H. 6.18; 
H, 6.35; 


N, 13.12; 
N. 13.50. 



Example 19 

[1S-(t/?*,4/r,5S*J>N-(H2-Amino-2-oxoethylV2-<)xo-3-aza-4-phenylmetriy^ 
methyl)phenyl)hexyl)-4"Chloroqulnolin-2>yl carboxamide 
Yield: 29.2 mg (9%). 

1H NMR (CDCI3): 6 1.45 (s, 9H); 2.7-3.1 (m. 6H); 3,7-3.8 (m, 1H); 4.3-4.4 (m, 1H); 4.9-5.0 (m, 1H); 6.5 (m, 1H); 
6.0 (m. 2H); 6.9-8.3 (m. 1 7H); 9.2 (d. 1 H). 

MS(FD):644. .. 



Analysis for CssHsaNsOsCI: 


Calcd: 
Found: 


C. 65.26; 
C, 65.55; 


H,5.95; 
H.6.04; 


N, 10.87; 
N. 10.85. 



Examples 20-22 were prepared substantially In accordance with the procedure detailed in Example 6, 
above. 

Example 20 

[1S-r^R*.4/?*,5S*J]-N-(1-(2-Methylpropyi)-2-oxo-3-aza^4-phenylmethyi-5-hydroxy-6-(2-(1-^ 
methyl)phenyl)hexyl)-quinolln-2-yl carboxamide 
Yield: 44 mg (61%). 

Example 21 

[1S-f1R*,4/r,5S*J^N-(1-(Propyl)-2-oxO'3^aza-4-phenylmethyl-5-hydroxy-6-(2-(1-^butyiami^ 
nyi)hexyl)-quinolin-2-yl carboxamide 
Yield: 42 mg (22%). 
MS(FD): m/e 598(M^). 

Example 22 

I1S-fr/y,4R*,5S*j}-N-(1-<2~AmirK)-2-oxoethyl)-2-Qxo-3-aza-4-phenylmethy^ 
methyl)phenyl)hexyl)-8-trifluoromethyi-qulnolln-2-yl carboxamide 
Yield: 116 mg (34%). 
MS(FD): m/e 678(M+^). 

Example 23 

A. [2R-(2R*,3S*,6S*J]-N-^Butyl-2-[2-hydroxy-3-phenylmethyl-4-aza-5-oxo-6-N(/-butoxycarbonyl)amino- 

7-methyl]octyl benzamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Ex- 
ample 6. using 1.34 g (6.18 mmol) of (S)-2-N-(^butoxycarbonyl)amino-3-methylbutanoic acid and 2.00 
(5.88 mmol) of the subtitled Intenmediate of Preparation 3D to provide 3.95 g of a colorless foam. Half of 
this foam was purified using column chromatography (SiOj; eluent of 3% MeOH in CHCI3) to provide 1.45 
g of the desired subtitled compound. The other half of this foam was reacted without further purification 
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in Example 56B, below. 





Analysis for C31H45N3O5: 




Calcd: 


C. 69.12; 


H. 8.23; 


N, 7.80; 


5 


Found: 


C, 69.38; 


H. 8.43; 


N, 7.98. 



B f 2R-r2/?'.3S'.6S*)1-NW-Butyl-2-[2-hydroxy-3-phenvlmethy1-4-aza-5-oxo-6 -amino-7-methylloctyl ben- 

^^'^olution of 2 0 g (max. 3.7 mmol) of the subtitled compound of Example 23Aand 0.713 g (3.7 mmol) 
of toluenesulfbnylhydroxide hydrate (TosOH-H^O) in 75 mL of absolute EtOH was heated to 55<>C. When 
the reaction was substantially complete, as indicated byTLC. the reaction mixture was cooled to room tern- 
oerature and concentrated under reduced pressure to provide a residue. This residue was distributed be- 
tween 100 mL of EtOAc and 50 mL of a 10% NH4OH. The resulting layers were separated and the organic 
layer was washed with brine, dried over MgS04. filtered and then reduced to dryness under reduced pres- 
sure to provide 1 .0 g of a white foam. This foam was purified using flash chromatography (SiO^. gradient 





Analysis for C26H37N3O3: 


20 


Calcd: 


C. 71.04; 


H, 8.48; 


N. 9.56; 




Found: 


C, 70.85; 


H, 8.59; 


N, 9.56. 



C. r2R-r2/?'.3y.es*.9S*Jl-N-f-Butvl-2-[2-hydroxv-3-phenylmethvl-4.7-diaza-5 .8-dioxo-6-(1-methylethyl)- 

Q.M/f.hiitoxvcarbon vl>amino-1 0-naphth-1 -vHdecyl benzamide ^ . ., ^ 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Example 6. using 226 mg (0.717 mmd) of (S)-2-N(f-butoxycarbonyl)amino-3-naphth-1-ylprop^^^^^ aad 
and 300 mg (0.683 mmol) of the subtitled Intermediate of Example 23B to provide 490 mg (98%) of an off- 
white foam. 





Analysis for C44H66N4O6: 




Calcd: 


C. 71.71; 


H, 7.66; 


N, 7.60; 


35 


Found: 


C, 71.82; 


H, 7.73; 


N, 7.55. 



40 
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Example 24 

[2R-(2R'.3S'.ey.9/y)VN4-Butyl-2-r2-hvdroxy-3-phenvlnwthvMJ-dia za-S.8-dioxo-6-(1-methylethyl> 

tnv>/r.arhnnvl^amin o-10-naphth-1-yl]decyl benzamide ^ ^ ., ^i^c^ 

The d Jired titled compound was prepared substan tially in accordance with the procedure detailed in Ex- 
amole 6 using 226 mg (0.717 mmol) of (R)-2-N(f-butoxycarbonyl)amino-3-naphth-1-ylpropanoic acid and 300 
m^'o.68rri;Sol) of7e subtitled intermediate of Example 23B to provide 490 mg (98%) of an off-whrte foam. 





Analysis for C44H56N4O6: 




Calcd: 


C. 71.71; 


H. 7.66; 


N, 7.60; 


50 


Found: 


C, 71.41; 


H. 7.90; 


N. 7.68. 



Example 25 

55 



A. r2R- f2R*,3y.6y)1-N-^Butvl-2-[2>hvdroxy-3-phenylmethyl-4-aza-5 -oxo-6-N 
nQ>7-carba moyl]heptyl benzamide 

The desired subtitled compound was prepared substantially In accordance with the procedure detailed 
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in Example 6, using 2.6 g (10 mmol) of (S)-2-N(ben2yloxycarbonyl)amino-3-carbamoylprDpanoic add and 
3.4 9 (10 mmol) of the subtitled intenmediate of Preparation 3D, with the exception that 1.09 mL(10 mmol) 
of NMM was added to the reaction mixture, to provide 4.4 g (76%) of the desired subtitled compound. 

B. [2R•(2/?*,3S*,6yJ^N-^Butyl-2-[2-hydroxy-3-pheny^methyl-4^aza-5-oxo-6-amino-7-carfaanrK)y^^ ben- 
zamide 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
In Preparation 3D, using 4 g (6.7 mmol) of the subtitled intenmedlate of Example 25Aand 0.5 g of 5% Pd/C. 

rield: 2.4 g (80%). 

C. [2R-f2R',3S*,6S*,9R*;hN-^Butyl>2~[2-hydroxy-3-phenylmethyM,7-dia2a-5,8-dioxo-6'-(2-amino-2-ox- 
oethyl>'9-N(f-butoxycarbonyl)amino-10-naphth-1-yl]decyl benzamide 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Example 6, using 630 mg (2.0 mmol) of (R)-2-N(Nbutoxycarbonyl)amino-3-naphth-1-ylpropanoic acid 
and 908 mg (2.0 mmol) of the subtitled compound of Example 25B. 
Yield: 920 mg (60%). 
MS (FD): m/e 751 (M^ 100). 



Analysis for C43H53N5O7: 


Calcd: 
Found: 


C, 68.69; 
C, 68.66; 


H, 7.10; 
H, 7.22; 


N, 9.31; 
N, 9.27. 



Example 26 

[2R-g/?*,3S*,6S*,9S*J]-N-f-Butyl-2>[2>hydroxy-3-phenylmethyl-4J-diaza-5,8-dioxo-6-(2-amln 
N(f-butoxycarbonyl)amino-10-naphth-1-yl]decyl benzamide 

The desired titled compound was prepared substantially in accordance with the procedure detailed In Ex- 
ample 6, using 630 mg (2.0 mmol) of (S)-2-N(^butoxycarbonyl)amino-3-naphth-1-ylpropano^c acid and 908 mg 
(2.0 mmol) of the subtitled compound of Example 25B. 
Yield: 895 mg (60%). 
MS(FD):m/e751(ir,100). 



Analysis for C43H63N6O7: 


Calcd: 

Found: 


C, 68.69; 

C, 68.58; 


H. 7.10; 

H, 7.11; 


N, 9.31; 

N. 9.01. 



Example 27 

A. [2R-(2R*,3y.6S*j]-N-^Butyl■2-[2-hydroxy-3-phenylmethyl-4-aza-5-oxo-6-N(benzyloxycarbonyl)ami'' 
no-7-imidazol-4-yllheptyl benzamide 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Example 6, using 1.79 g (6.18 mmol) of (S)-2-N(benzyloxycarbonyl)amino-3-imidazol-4-ylpropanoicacid 
and 2.00 g (5.88 mmol) of the subtitled intermediate of Preparation 3D to provide an off-white foam which 
was used without further purification. 
Yield: 3.46 g (96%). 



Analysis for C35H41 N5O5: 


Calcd: 
Found: 


C, 68.72; 
C, 65.60; 


H, 6.76; 
H, 6.61; 


N, 11.45; 
N, 10.94. 



B. [2R-r2R*,3S*,6S*Jl-N-f-Butyi-2-[2-hydroxy-3-phenylmethyl-4-aza-5-oxo-6-amino-7-imidazoi-4-yilhep- 
tyl benzamide 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Preparation 3D, using 1.9 g of 5% Pd/C and 3.36 g (5.5 mol) of the subtitled intermediate of Example 
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27Ato provide a pale yellow foam 





Analysis for C27H35N5O3: 




Calcd: 


C. 67.90; 


H. 7.39; 


N. 14.66; 


5 


Found: 


C. 67.94; 


H. 7.50; 


N, 14.36. 



^!^^pL !2/^^■3S♦■6S'.9S'JVN-^Butyl-2-^2-hvd^oxy-^-phenvlm 
m'«thyl). 9.N»-butoxYcart)onyl)amino-10-naphth-1- vndecvl benzamide ^^^^foiioH 

The desired subtitled compound was prep aredsubstantially in accordant 
in Example 6. using 330 mg (1.05 mmol) of (S)-2-N(<-butoxycarbonyl)amlno-3-naphth-1-ylpropanolc acid 
and 500 mg (1.05 mmol) of the subtitled compound of Example 27B. 
Yield: 612 mg (76%). 





Analysis for C45H54N6O6: 




Calcd: 


C. 69.74; 


H. 7.02; 


N, 10.84; 


20 


Found: 


C. 69.55; 


H, 6.86; 


N. 10.57. 



The following Examples 28-30 were prepared substantially In accordance with the procedure detailed 
In Example 6. 

Example 28 

r2R-^2R'3S' 6S'■9R*ll^N-^Butyl•2-^2-hvdroxy-3-phen vlmethvMJ^dlaza-S.^dioxo-6^^midazol-4-y^ 

3.naphth-1-ylpropanoic acid and 500 mg (1.05 mmd) of the subtitled compound of Example 27B. 

Yield: 612 mg (76%). 





Analysis for C45H54N6O6: 


35 


Calcd: 


C. 69.74; 


H, 7.02; 


N. 10.84; 




Found: 


C. 69.75; 


H, 6.98; 


N, 10,88. 



40 



Example 29 

r;^"'S. ^r-R'.4"'S')1-N41^0xo-V-(3'^ri"^oxo-2-"-aza-3"VDhenvlmethyU "^hvdroxv-5"^(2"^N-f-^ 
;,,iH»\nhpnvi'lnentvl.4"-ethvl)p henyllmethyl-1 .2.3.4-tetrahydr oisoqulnollne 

fftK^^ waS^prepared using 300 mg (0.97 mmol) of the su btitled Intermediate of Preparation 
^ 11 and 341 mg (1 .1 8 mmol) of the subtitled intemiediate of Preparation 3D. 

m. 4.«3\b,..;iH); 6.97 1H); 6.32 >9i Hz, 1H); 6.90-7.60 
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(m. 16H). 

IR(CDCl3): 3009, 1646. 1514, 1455. 1236.1213 cm-\ 
MS (FD):m/e 632(1^, 100). 



Example 30 

nS -.3R-.4a/r.8a/r.2-S'.3'/r)1.2-f2--Hydroxy-3 ^DhenvlmethvM--aza-5^oxo-5^ 
Ln.innlin-1'"-vlcar bonvl1-6"-methyhphenvnpentvl-dec ahvdroisoquinoline-3-N-f-butylcarboxamide 

Te Id <^mpound was prepared using 366 mg (1 .24 mmol) of the subtitled intermediate of Preparation 
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IOC and 500 mg (1.24 mmol) of the subtitled intermediate of Preparation 9B. 
Yieid: 489 mg (58%) of an off-white foam. 
[aJo -69.1017° (c 1.013, MeOH). 

iH NIVIR (CDCia): 6 1.13 (s, 9H); 1.20-2.10 (m, 14H); 2.20-2.35 (m, 4H); 2.50-3.05 (m, 7H); 3.37-3.60 (m. 2H); 
5 3.80-4.10 (m, 2H); 4.40-4.70 (m, 2H); 4.85 (br.8, 1 H); 5.67 {br.s. 1H); 6.72 (t)r.d, J = 8.4Hz. 1H); 6.95-7.34 (m. 
12H). IR (KBr): 3600-3150 (br.); 3009, 1627, 1514, 1455, 1247, 1047 atr\ 
MS (FD): m/e 679(M*), 578(100). 





Analysis for C42H54N4O4: 


10 


Calcd: 


C, 74.30; 


H. 8.02; 


N. 8.25; 




Found: 


C, 74.07; 


H. 8.00; 


N. 8.22. 



Exanfiple 31 

A. [2R-(2/r,3y,6R*;>N-f-Butyl-2-[2-hydroxy-3-phenyimethyl-4-aza-5-oxo-6>N(^bu^ 
7-benzyloxycarbonyllheptyl benzamide 

The subtitled compound was prepared substantially in accordance with the procedure detailed in Ex- 
^ ample 6, using 1 .0 g (2.9 mmol) of the subtitled intermediate of Preparation 3D and 0.95 g (2.9 mmol) of 
(2R)-2-N(f-butoxycarbonyl)amino-4-oxo-4-ben2yloxybutanoic acid to provide 1.9 g (87%) of a white solid 
(m.p 67-72*»C). 



25 


Analysis for C37H47N3O7: 


Calcd: 


C. 68.82; 


H. 7.34; 


N, 6.51; 




Found: 


C, 69.16; 


H. 7.50; 


N, 6.56. 



B. [2R-f2/?*,3S*,6/?*J]■N-^Butyl-2^2-hydroxy*^-phenylmethyl^4-aza-S^K)xo-6-amino-7-benzyloxyca^ 
nyl]heptyl benzamide 

To a cold (0**C) solution of 2.89 g (5.53 mmol) of the subtitled compound of Example 31 A In CHjClj. 
was added trif luoroacetic acid (CF3COOH). The resulting reaction mixture was stirred for approximately 
one hour and then concentrated under reduced pressure to provide a foam. This foam was slurried in tol- 
uene and then concentrated under reduced pressure to provide 2.4 g of crude nnatertal which was used 
without further purification. 

C. [2R-f2/?',3S*,e/rj]-N-f-Butyl-2-[2-hydroxy-3-phenylmethyl-4-aza-5-oxo-6-N(methylsulfbn^ 
benzyioxycarbonyl]heptyl benzamide 

To a solution containing 0.75 g (0.97 mmol) of the subtitled compound of Example 31 B and EtsN in 
CH2CI2. was added 75.1 \iL (0.970 mmol) of methanesulfonylchloride, under Nj. When the reaction was 
substantially complete, as indicated by TLC, the reaction mixture was reduced to dryness under reduced 
pressure to provide a residue. 
Yield: 0.33 g (54%) of a white solid. 

iH NMR (COaa): 5 1.45 (s, 9H); 2.42 (dd. J=6.12 Hz. 1H); 2.76 (s, 3H); 2.63-3.10 (m, 5H); 3.80 (m, 1H); 
4.13 (m. 1H); 4.38 (m. 1H); 5.05 (s, 2H); 5.80 (d, J=8 Hz. 1H); 5.99 (d. J=6 Hz, IN); 6.10 (s, 1H); 7.06-7.41 
(m, 15H). 

MS (FD): m/e 623(M^. 

IR (CHQa): 3026, 1660, 1643, 1602, 1517 cnri. 
UV (EtOH): 203nm (E=44,949). 



50 


Analysis for C33H41N3O7S: 




Calcd: 


C. 63.54; 


H, 6.62; 


N, 6.74; 




Found: 


C. 63.73; 


H, 6.56; 


N, 6.52. 



55 

D. [2R-f2/?*,3S^6/?*J^N-^Butyl-2-[2-hyd^oxy-3-phenytmethyi-4-aza-5-oxo-6-N(nrmthylsulf6n^ 
carboxy]heptyl benzamide 

To a solution of 0.13 g (0.21 mmol) of the subtitled compound of Example 31 C in MeOH, were added 
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0 2 g (3.2 mmol) of ammonium formate and 50 mg of 5% Pd/C. The reaction mixture was allowed to react 
at reflux temperature for approximately 2 hours. When the reaction was complete, as determined by TLC. 
the reaction mixture was cooled, diluted with EtOAc and then filtered. The solution was then combined 
with 50 mL of HjO. the resulting layers were then separated and the organic layer was reduced to dryness 
under reduced pressure. 
Yield: 0.10 g (91%) of a white solid. 

Example 32 

A. ^2R-(2R•.3S'.6S*)VN-^Butyl-2-r2-hvdroxy-^-phenvlmethyl-4-a2a -5^xo-6-amino-7-carbamoyqhept^ 

'^"?hl'dt sired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Preparation 3D. using 5% Pd/C and 4 g (6.7 mmol) of the subtitled intemiediate of Example 25A. 
Yield: 2.4 g (80%) of a solid. 
MS (FAB)' m/e 455 (M^**). 

B. r2R-V2/?'.3S*.6S')1-N-f-Butyl-2-f2-hvdroxy-3-phenvlmethyl-4-aza -5-oxo-6-N(naphth-1-ylethylsulfo- 

nunamino-7-carba movnheptyl benzamide j ., j 

The desired subtitled compound was prepared substantially in accordance with the procedure detailed 
in Example 31C using 118 mg (0.462 mmol) of naphth-1-ylethylsulfonylchloride and 200 mg (0.440 nwnol) 
of the subtitled compound of Example 32A (in the presence of UMM rather that EtjN) to provide 126 mg 
(42%) of a white foam. 



Analysis for C37H44N4O6S: 


Calcd: 
Found: 


C, 66.05; 
C. 66.30; 


H, 6.59; 
H, 6.72; 


N. 8.33; 
N, 8.22. 



Example 33 

1 R.Diohenvl-2(S). 5(S><iifN-[2(S)-N(benzvloxvcarbonyl)a mincv3-methyl-butanoyl]amlnol-3.4^ihyd^ 
' To a cold (0°C) solution o f (S)-2-N(benzyloxycarbonyl)amino-3-methyl butanoic acid. 2-chloro-4.6- 
dimethoxy-1 .3.5-trlazene and 36 nL of NMM. was added a solution containing 0.142 mmol of the titled Inter- 
mediate of Preparation 12 and 36 mLof NMM In CH^a^ The reaction mfacture was warmed to room temperature 
and then reacted for approximately 5 hours. When the reaction was substantially complete, as indicated by 
TLC the mixture was poured into 75 mLof a 2:1 EtOAc/0.2N HCI mixture. The resulting layers were separated 
and ihe organic layer was washed with half-dilute solution NaHCOa. dried over Na^O^. filtered and ttien con- 
centrated under reduced pressure to provide a solid. This solid was purified using flash chromatography (silica; 
eluent of 30% hexane in EtOAc). 

^TnMR (Cd!SS^8 0.6 (d. J=6 Hz, 6H): 0.75 (d. J=6 Hz. 6H): 1.85 (m. 2H): 2.80 (m. 4H): 3.75 (m. 2H): 4.05 
(m. 2H): 5.02 (s, 4H); 5.42 (d. J=8 Hz. 2H); 7.05 (m. 10H); 7.25 (m. 10H). 
MS (FD): m/e 767 (M*). 

Example 34 

1.6-Diphenyl-2(S).5(S)-di[N-[2(SVN(auinolln-2-ylmethoxvcarfaonyl) amino-3-methylbutanoyl1aminol-3.4-dihy- 

'^""rhrtftted compound was prepared substantially in accordance with the procedure detailed in Example 33. 
using 102 mg (0.273 mmol) of the titled intemiediate of Preparation 1 2. 1 84 mg (0.608 (S^2-N<'^"'- 
nr-2-ylme*oxycarbony«Hrnino-3-methyl butanoic acid. 107 mg (0.608 mmol) of 2-chloro-4.6-dimethoxy- 
1.3,5-triazene and 69 nL (0.628 mmol) of NMM. with the exception that the reaction was run in CH2CI2. 

^?lR?CD?(5?^r8 0.7 (m. 12H): 1.80 (m. 2H); 2.78 (m. 4H); 3.40 (m. 2H); 3.75 (d. J=6 Hz. 2H): 4.58 (m. 2H); 
5 32 (s 4H): 7.10 (m. 10H): 5.32 (s. 4H): 7.10 (m. lOH); 7.55 (m. 4H); 7.75 (t. J=6 Hz. 2H): 7.85 (d. J=6 Hz. 
2H); 7.95 (d. J=6 Hz. 2H); 8.30 (d. J=6 Hz. 2H). 
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MS (FD): m/e 868 (M^). 





Analysis for CsoHseNgOs: 


5 


Calcd: 


C, 89.11; 


H, 6.49; 


N. 9.67; 




Found: 


C, 68.89; 


H. 6.52; 


N. 9.70. 



Example 35 

10 

1,6-Diphenyl-2(S),5(S)-di[N-[2(S)-N(pyrid-2-ylnfiethoxycarbonyl)anii^ 
hexane 

The titled compound was prepared substantially in accordance with the procedure detailed in Example 34, 
using 72.7 mg (0.195 mmol) of the titled intermediate of Preparation 12, 110 mg (0.436 mmol) of (S)-2-N(pyrid- 
2-ylmethoxycarbonyl)amino-3-methyl butanolc acid, 76 mg (0.433 mmol) of 2-chloro-4,6-dlmethoxy-1,3,5- 
triazene and 50 (0.455 mmol) of NMM. 
Yield: 57.2 mg (38%). 

m NMR (CD3OD): 6 0.72 (t, J=8 Hz, 12H); 1.84 (m, 2H); 2.81 (d, J=9 Hz, 4H); 3.41 (s. 2H); 3.76 (d, J=9 Hz, 
2H); 4.56 (br.t, J=9 Hz, 2H); 5.17 (s, 4H); 7.00-7.40 (m. 12H); 7.45 (d. J=9 Hz, 2H); 7.84 (t, J=9 Hz. 2H); 8.48 
20 (br.d, J=2 Hz. 2H). 

IR (CHCI3): 3428; 3025; 2973; 1723; 1667; 1602; 1507 cnr^ 
MS (FD): 770(M+i). 

Example 36 

25 

Acetyl-P-naphthylalanine-valine-statine-leucine-p-naphthylalanine-amlde (CH3C<0)'bNA-Val-Sta-Leu-bNA- 
NH2I 

A. Preparation of Resin and Incorporation of f-Boc-Amino Acids 
Before adding the f-Boc-amino acid, 0.45 g of p-methyibenzhydrylamine hydrochloride resin (contain- 
ing 0.33 mmol of the free amino group) was neutralized three times with 10 mL of 5% N,N-diisopfopyle- 
thylamine (DIEA) in CH2Ci2 (each wash), and then washed three times with 10 mLof CH2Ci2 (each wash). 
Then, 5 mLof a solution containing 2.5 equivalents of f-Boc-p-naphthylalanine (f-Boc-bNA) in CH2CI2 was 
added to the washed resin. Next, a solution containing 2.5 equivalents of DCC in 1 mL of CH2CI2 was added 
to the resin/f-Boc-amino acid mixture . The resulting reaction mbcture was allowed to react at room tem- 
perature for one to three hours with occasional stirring. The coupling of the f-Boo-amino acid to the resin 
was tested using a ninhydrin test. 

B. Removal of the f-Boc protecting group 
Following the coupling reaction, the resin from Example 36A was washed three times with 10 mL of 

CH2CI2 (each wash) and then combined with 15 mL of 50% CF3COOH in CH2CI2. The resultant reaction 
mixture was allowed to react for approximately one minute and then the supernatant was removed from 
the resin and another 15 mL of 50% CF3COOH in CH2CI2 was added. The resultant reaction mixture was 
allowed to react for approximately thirty minutes and then the supernatant was removed and the resin was 
again washed three times with 1 0 mL of CH2CI2 (each wash). The ninhydrin test was used to monitor the 
reaction. 

C. Neutralizatton 

Before the next f-Boc-amino acid was coupled, the peptlde-resin from Example 36B was neutralized 
with 1 5 mL of a 5% OIEA in CH2CI2 solution. After approximately one minute, the supernatant was removed 
and a second 1 5 mL of 5% DIEA in CH2CI2 was added. The resulting mixture was allowed to react for ap- 
proximately five minutes and then the supernatant was removed and the peptide-resin was washed sbc 
times with CH2CI2. 

D. Sequential Coupling to Form Final Product 
The next ^Boc-amino acid solution was added to the resin substantially in accordance with the pro- 
cedure detailed in Example 36A, 36B and 36C, above. This procedure was sequentially repeated using 
the appropriate f-Boc-protected amino acids to provide the subtitled compound. 

The only change in the procedure occurred during the f-Boc-statine coupling. When adding f-Boc-sta- 
tlne, 1.25 equivalents of the amino acid and 1.25 equivalents of the condensing reagent DCC were used. 
The coupling reaction for f-Boc-statine was allowed to ru n for 3 or nrK>re hours. Alternatively, larger excess- 
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es of f-Boc-statine or longer coupling tinges can be used. 

E. Acetylation . ^ . ^ 

To the neutralized peptide-resln from Example 36D. above, was added approximately 5 mL of acetic 
anhydride to coverthe peptlde-resin. followed by adding 1 mLof 5% DIEAin CHaQ^ The resulting reaction 
5 mixture was allowed to react for approximately fifteen minutes. The reaction was substantially complete, 

as indicated by the ninhydrin test. A light yellow color resulted from the ninhydrin test indicating that the 
amino terminus of the peptide was protected by an acetyl group. 

F. Clea vage of Peptide from Resin 

The peptide was cleaved from the peptide resin by stirring in a solution of 10 parts (v/v) hydrofluoric 
10 acid (HF) containing 10% anisole to 1 part resin for 45 minutes at O^'C . After substantially all of the HF 
was removed using reduced pressure, the resulting mixture was washed with anhydrous EtiO. The free 
peptide was extracted from the residue with glacial HOAc, 50% HOAc and then HjO. The extracts were 
combined, lyophllized and then the titled peptide compound was purified using reverse-phase HPLC. 
The peptide gave the following amino acid composition upon hydrolysis: Val. 1.0(1); Leu, 1.1(1); Sta, 
IS present; bNA, 1 .8(2); which corres ponds to the proper ratios for the titled compound. The peptide was also 
analyzed by MS(FAB) which conf inmed the molecular weight (822) of the peptide. 
Examples 37^0 were prepared substantially in accordance with the procedure detailed in Example 36. 

pxample ComPQUnd 

37 CHaCCO) -NA-Nva- Sta- Nva-NA-NH2 

38 CH3C (0) -NA-Nva-AHPPA-Nva-NA-NH2 

39 CH3C(0) -NA-Val- Sta -Abu-NA-NH2 

40 NA-Val-AHPPA-Leu-NA-NH2 

The compounds prepared in Examples 36-40 were analyzed for amino acid composition upon hydrolysis 
30 and for molecular weight by MS(FAB). The results are set forth In Table 1 . below. 
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Table 1 

Amino aci d composifion and Molecular weight 



5 

Amino Acid Analysis Molecular Weight 







Residue 


Theo. 




Theo. 






37 


NA 


2 .00 


2 • 14 


O AO 

oUo 




in 




Nva 


2 .00 


1.85 










AHPPA 


1 . 00 


PRE5 






IS 


38 


NA 


2.00 


2.08 


842 


843 






Nva 


2 .00 


1.92 












1 nn 








20 


39 


Val 


1.00 


1.01 


794 


795 






Abu 


1.00 


0.98 










NA 


2.00 


2.01 






25 




sta 


1.00 


PRES 








40 


val 


1.00 


0.88 


814 


815 






NA 


2.00 


1.93 






30 


















Leu 


1.00 


1.12 










AHPPA 


1.00 


PRES 







PRES - present 

The following Examples 41-48 were prepared substantially in accordance with the procedure detailed in 
Example 36, using 0.136 mmol of an N-Boc-0-benzyl-L-threonine-4-(oxymethyl)-phenylacetamido methyl 

40 (Ram) resin, 5 nrvnol each of the appropriate ^Boo-amlno acids and 1 mmol of f-Boc-statine. All coupling re- 
actions were allowed to react for approximately one hour at room temperature. 

With respect to the compounds prepared in Examples 42, 44, 46, 47, and 48, above, after the f-Boc-glyclne 
was added, the protecting group was removed and neutralized substantially as detailed above in Example 36B- 
C, the resin was washed twice with 1% HOAc in DMF and then mixed with 3 mL of 50% acetone in DMR To 

45 the resultant mixture, was then added a 1M solution of sodium cyanoborohydride in DMF. The resultant reaction 
mixture was allowed to react at room temperature for approximately one hour. After the reaction is complete, 
the supernatant was removed and the desired oligopeptide was cleaved from the resin substantially in accor- 
dance with the procedure detailed above in Reaction 36F. The reaction was monitored using the ninhydrin test. 
The reaction was complete when the resin turned reddish. 
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Examole 


ComDound 








41 


CH3C(0) -Gly-Val-Val-Sta- 


-Ala- 


•Thr- 


-OH 


42 


.(CH3)2CH-Gly-Val-val-Sta- 


■Ala- 


■Thr- 


•OH 


43 


Gly-Val-Val-Sta 


-Ala- 


-Thr- 


-OH 


44 


(CHj) 2CH-Gly-Sca-Ile-Ala- 


-Thr- 


■OH 




45 


Gly-Val-Sta-Ala 


-Thr 


-OH 




46 


(CH3) 2CH-Gly-val-sta-Ala- 


-Thr- 


-OH 




47 


{CH3)2CH-Gly-Val-Val-lle- 


-Sta- 


-Thr- 


-OH 


48 


(CH3 ) 2CH-Gly-Val-Sta-Ile- 


-Ala- 


-Thr- 


-OH 



The compounds prepared in Examples 41-48 were analyzed for amino acid composition upon hydroiyste 
and for molecuiar weiglit by I^S(FAB). The resuits are set forth in Table 2. below. 
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Table 2 

Amino arid composition and Molecular wpinhr 







Amino Acid 


Analysis 


Molecular 


Weight 




Residue 


Theo, 


Actual 


Theo. 


Meas: 


41 


Gly 


1.0 


1.066 


644.7 


645 




Val 


2.0 


1.529 








Ala 


1.0 


1.000 








Thr 


1.0 


0,957 








Sta 


1.0 


PRES 






42 


Gly 


1.0 


PRES 


666.2 


667 




Val 


2.0 


1.84 








Ala 


1.0 


1 . 15 








Thr 


1.0 


1.010 








Sta 


1.0 


PRES 






43 


Gly 


1.0 


1.000 


602.6 


603 




Val 


2.0 


1.78 








Ala 


1.0 


1.13 








Thr 


1.0 


0.990 








Sta 


1.0 


PRES 






44 


Gly 


1.0 


PRES 


559.6 


560 




Ala 


1.0 


1.000 








He 


1.0 


0.826 








Thr 


1.0 


0.967 








Sta 


1.0 


PRES 






45 


Gly 


1.0 


1.020 


503.5 


504 




Val 


1.0 


1.050 








Ala 


1.0 


1.020 








Thr 


1.0 


0.910 








Sta 


1.0 


PRES 
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T^hiP 2 (ronrinued) 













10 


46 


Gly 


1.0 


PRES 






Val 


1.0 


1.06 






Ala 


1.0 


1.03 


IS 




Thr 


1.0 


0.92 






Sta 


1.0 


PRES 




47 


Gly 


1.0 


PRES 


30 




Val 


1.0 


1.609 






lie 


1.0 


1.811 






Thr 


1.0 


1.000 


2S 




Sta 


1.0 


PRES 




48 


Gly 


1.0 


PRES 






Val 


1.0 


0.94 


30 




He 


1.0 


1.21 






Ala 


1.0 


0.96 






Thr 


1.0 


0.90 


35 




Sta 


1.0 


PRES 



Amino Acid Analysis Molecular Weight 

Theo. Meas. 



567.8 



568 



686.8 



687 



659 



660 



PRES - present 



40 



45 



so 



The following compounds were prepared substantially In accordance with the procedures detailed alKwe. 
Specif Ically. the epoxides shown in Examples 49-74 were prepared using the procedure described in Example 
l^rSounds Shown in Examples 82-113. 140-145. 149-152. 170-206. 210. 212-214. 218-239 242-243. 
249-258 and 275 were prepared using the general procedures described In Example 6. 8, and 25A. The com- 
pounds shown in Examples 124-139 and 146 were generally prepared using the procedure d^cnbed in Ex- 
ample 31. The compounds shown in Examples 114-123. 147. 148. 153. 154. 158-163 and 240-241 were gen- 
erally prepared using the procedure described In Example 31. substituting acetyl '^j'^^^j'^^^^'^l'^^^^^ 
acyl chloride) for methanesulfonylchloride. The compounds shown in Examples 155-157. 164-169. 207-209. 
211 and 215-217 were generally prepared using the procedure described In Example 16. The compounds 
shown In Examples 244-248 and 274 were generally prepared using the procedures described in Examples 
28 and 29. using intermediate compounds prepared according to the Preparation 10C. The compounds shown 
in Examples 259-262 were prepared using the procedure described in Example 33-35. Finally, the compounds 
shown in Examples 263-273 were prepared using the procedure described In Example 36. 



65 



57 



EP 0 652 009 A1 



Table 1 



Ph Ph^ 



10 



20 



30 



35 



40 



45 



Ex. 



IS 49 



50 



51 



52 



53 



54 



55 




r3w 




OX 



0 



0 
0 



50 



R2 



-CH2CN 



-CH ICH3 ) 2 



-CH2C(0)NH2 



-CH2CN 



N-N 



-CH (CH3 ) 2 



0=N 



-CH2CH3 



-R3w 



ftnalYCical Pat& 



MS: m/e 785 {M++1) 



iH NMR: 8 8.05 
(m, 2); 7.72 (m, 2) ; 
7.45 (m, 2) ; 7,10 
(m, 10); 5.35 (s. 4); 
4.15 (m. 2); 3.95 {m, 
2); 3.10 (d, 1); 2.80 
(m, 5) ; 2.0 (m, 2) ; 
0.8 (m, 12) 

Yield: 7 rng (80-85%) 



MS: m/e 743 (M++1) 



MS: m/e 751 (M++1) 

iH NMR: 8 7.50 
(s, 2); 7.10 (ID, 20); 
6.68 (5, 2); 4.95 
(s, 4); 4.05 (m, 4); 
3.20 (m. 1); 2.60 
(in, 8) 

MS: m/e 823 (M++1) 
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10 



IB 



20 



2S 



30 



35 



40 



Ex. 



57 



58 



59 



60 



61 



62 



Tf^Mf T (Cont'd) 

Ph Ph, 



H ° 

R2 




r3w 



0 



CH3 




R2 



r2 



-CH2SCH3 



PChem 



MS: m/e 784 (M+) 



-CH2CH2C(0)NH2 MS: m/e 807 (M++1) 



-CH2CH(CH3)2 



MS: m/e 778 (M+) 



-CH(CH3)CH2CH3 MS: m/e 777 (M++1) 



-CH(CH3)2 



-CH(CH3)2 



NMR: 5 8.42 
(m, 2); 7.70 (m, 2) ; 
7.20 (m, 14); 4.22 In, 
3); 4.0 (q, 1) f 3.85 (d, 
1); 3.6 

(ro. 4); 3.22 (m. 1) ; 
2.95 (ro, 4); 2.82 
(s. 6); 2.80 (m, 4) : 
1.95 (ro, 2); 0.8 
(m, 12) 

MS: m/e 888 (M++2) 



45 



63 



-CH3 



MS: m/e 694 {M++2) 
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Table 1 (rnnf'H> 
Ph Ph 

H 0 1 1 ° H 

O R2 



r3w r2 




!L 2 N ^ -CH2CH2CH3 MS: m/e 878 (M++2) 



O 
CH3 



I^C^^N^ ^ -CH2CH2CH2CH3 MS: m/e 906 (M++2) 



O 



.O^^ -C(CH3)3 MS: m/e 780 {M++2) 
O 

U JL N ^ -CH(CH3)CH2CH3 MS: m/e 807 (M++3) 

o 



-CH2CH2CH2CH3 MS: m/e 780 (M++2) 

O 



-CHICH3)2 MS: m/e 791 (M++1) 

0 

(^^J^^'^L^N^^ -CH2CN MS: m/e 872 (M++2) 
O 



(^I^N,^ -CH2CH3 MS: m/e 749 (M++1) 

O 

H C^O^°^Y^ -CH(CH3)2 MS: m/e 780 (M++2) 

^ O 
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TflMft 1 (Cont'cl) 
Ph Ph, 




0 H 



R2 



10 



o 



20 



74 Ol^N. ^ -CH(CH3)CH2CH3 MS: m/e 777 (M^'+l) 



25 



30 



V 

o 



Table 2 
o S f^' 0 H 



R2 r^ R 



35 

E2U r3w 



75 

40 



^ PChem 



MS: rc/e 948 (M*) 



o«/^tf. ^/-u.r'U. iT'l^ MS: m/e 904 IM+) 



SO 



on ^"-^ nu ru ni \ MS: m/e 850 (M*42| 



o 



78 

55 



o 



m/e 912 (M*+l) 
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10 



18 



20 



25 



30 



79 



80 



81 



r3w- 




r3w 



V 

o 
CH3 



OX" 



0 

CH^ 



o 



R2 

-CH(CH3)2 
-CH2CH3 

-CH2CH3 



PChem 



2 MS: m/e 778 (M+) 



MS: m/e 806 (M++2) 



35 



NMR 
8.2 (in, 
{m, 2); 
7.72 (t, 
(t, 2); 
7.10 (m, 
(m, 4); 
4.15 (m, 
(m, 1); 
3.38 (in, 
<s, 3); 
2.55 (m, 
(m, 4); 
0,97 (t. 



(CD3OD) : 
2); 7.95 
7.83 <in, 2) 

2); 7.55 
7.40 (d, 2) 

10); 4.70 
4.40 (t, 1) 

2); 3.98 
3.85 (m, 1) 

1); 3.02 
2.97 (s, 3) 

4); 1.80 
1.58 (m, 8) 

6) 



5 
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50 
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Table 4 




i^3w PChero 

O ^ -CH2OH MS(FD): m/e 562 (M*); 

>r 220 (100) 
0 

(Qf^^L^O^^ -CH(CH3)CH2CH3 MS{FD) : m/e 639 (M+) 

-CH(CH3)CH2CH3 MS(FD) : m/e 652 (M*) 



O 

o 




CCv 



-CH2CH2C(0)NH2 MS(FD) s m/e 623 (M*) 
-CH2CN MS(FD): m/e 621 (M*2) 

^^"^ -CH2CN MS(PD): m/e 612 {M*2) 



O 

CH3 



MS(PD): m/e 637 (M*^) 



MS(FD): ro/e 697 (M+2) 
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Table 4 (Cont'd) 





^"^^(^NH Analysis for C35H4N5O5: 

Calcd: C, 68.72; H, 

6.76; 11.45; 
Found: C, 65.60; H, 

6.61; N« 10.94. 



MS(FD) : m/e 516 (M+) 



Yield: 80 mg (53%) ; 

white solid 



0 



MS(FD) : xn/e 516 (M*) 
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50 




Example 



PChem 




95 ^ Analysis for C31H45N3O5: 

Calcd: C. 69.12; H, 8.23; 

N. 7.80; 
Found: C, 69.38; H, 8.43; 
N, 7.96. 

96 S^^^rs,^ MS(FD): m/e 669 (M+) 



26 97 MSIFD): m/e 634 (M+) 



go c Analysis for C35H45N3O5S: 

Calcd: C, 67.82; H, 7.32; 

N. 6.78; 
Found: C, 67.57; H. 7.20; 

N, 6.52. 

99 .S^.N^^ MS(FD): m/e 670 (M+) 



30 




100 0 Analysis for C37H47N3O7: 

^ JL Calcd: C, 68.82; H, 7.34; 

^^oOr^ N. 6.54; 

Found: C, 68,65; H, 7.20; 
N, 6.77. 

101 ^S,,^ MS{FD): m/e 637 (M+) 

102 V^^V^ MS(FD): m/e 621 {M+) 

103 ^ S-^^-H MS(FD): m/e 626 (M+) 
H3C^ 
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Table 4B 




r2 PCheiP 




s. 



Analysis for C26H37N3O3 
Calcd: C, 71,04; H, 8.48; 

N, 9.56; 
Found: C, 70.85; H, 8.59; 

N, 9.56. 



NH MS: m/e 478 (M+) 



MS(FD): m/e 569 (M+) 

\^S^^J0 MS(FD): m/e 534 (M+) 

^ S.,,^,^ Analysis for C30H37N3O3S: 
rll Calcd: C, 69.33; 7.18; 
N, 8.08; 
Found: C, 69.60; H. 7.43; 
N, 8.07. 

S^N^^^ Analysis for C33H38N4O3S: 
I ll 1 Calcd: C, 69.45; H, 6.71; 
^^A^ N, 9.82; 

Found: C, 69.59; H. 6.58; 
N. 9.61. 



O 

\A xvv^ Yield: O.VSg (42%) 

TQI^^ MS{Fb): m/e 538 (M+) 

MS(FD) : m/e 521 (M+) 
MS{FD) : m/e 526 (M+) 



'F 



N-N 
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Table 4C 




{^2 ££hsm 

"^^lOO MS(FD): m/e 611 (M+) 

"00 ""'^ ^""""^ 

S^^JI^ MS(FD): m/e 575 (M+) 

%^^jQ) MS(FD): m/e 608 (M+) 

^ ^0 MS(FD): m/e 561 (M+) 



X) 



MS(FD) : m/e 594 (M+) 



-CH2CH2SCH3 MS(FD): m/e 514 (M+) 
V^^Y^^r^ MS{FD): m/e 612 (M+) 



O Analysis for C35H40N4O5S: 

Calcd: C, 66.86; H, 6.41; 
^Sv^N,^^ 8.91; 

Pound: C, 67.13; H, 6.37; 
N, 8.63. 



'to 



O 0 Analysis for C35H4N4O6S: 

w ^ Calcd: C, 65.20; H, 6.25; 
F iT^ N, 8.69; 




Found: C, 65,49; H, 6.26; 
N, 8.61. 
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Table 4D 



0 0 R2 




Exang)le 



124 



125 



R2 



126 



127 



128 



129 



130 



131 



132 



PChem 

MS{FD): m/e 647 (M+) 

MS(FD): m/e 680 (M+) 

MS{FD) : m/e 611 (M+) 

MS(FD) : m/e 628 (M+) 



(To MS(FD): m/e 644 (M+) 




X3 



V 



.N 




MS(FD) : m/e 597 (M+) 



^iQ) MS(FD): m/e 630 (M+) 



if^ MS(FD): m/e 649 (M+) 



MS(FD): m/e 615 (M+) 
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10 



30 



45 



T^hl^ f Cont'd) 



O O r2 



133 

20 




Exanple 

TO — ^— — — — — — 



O 
II 



MS{FD) : m/e 632 (M+) 



O O Analysis for C^iK^e^^J^l^Z- 

"^'c'^ Calcd: C. 57.48; H. 5.91; 

134 

LA Found: C. 57.19; H. 5.86; 
26 F N, 6.23. 

135 ^^^"^^Cn MS(FD): m/e 598 (M+) 
0 

136 Yield: 30 mg (36%) ; 
^N^^^^^f^ colorless oil 

°'^st^ yield: 44 mg; 

137 iT^ white solid 

N-N MS(FD): m/e 604 (M+l 



35 



40 138 T 



H3C 



0 

" M 



139 jjs(FD): m/e 620 (M+) 
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H 0 




H2w r2 £Cll£m 



OOy^ ^-v^O^^X^ MS(FD): m/e 701 (M+) 
0 O 

''^^O^'^V^ ^^-Nj^Ov-X^ MS(FD): m/e 680 (M+) 
O O 



CH2SO2NH2 MS(FD): m/e 625 (M+) 

O 



^^N*Sf^ -CH2SO2NH2 MS(FD): m/e 646 (M+) 



Analysis for C37H47N3O7: 



^^^^Jjf^ Calcd: C, 68.82; H, 



7.34; N, 6.51; 
iv Found: C, 69.16; H, 

^ 7.50; N, 6.56. 

-H .^O^X) 
O 

H30-N^g^ MSfFD): m/e 653 (M+) 
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147 



148 



149 



150 



151 



152 



r3w 



0 



O 
O 

-H 

O 



R2 



PChem 



0 



o 



o 



MS(FD) : m/e 602 (M+) 



MS(FD) : m/e 616 (M+) 



oJD 

"^^^^"^ MS(FD): m/e 589 (M+) 
^^^^^^Jl^ Yield: 0.52g (68%) 



MS(FD) : m/e 518 (M-^) 




33 Yield: 570 mg (80%) 
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Tahle 5A 



0 



O R2 



Example 
153 

154 
155 

156 



r3w 



55 



157 



158 



159 



160 



161 



162 



163 



.0^ 



O 

-CH2CO2H 



0 W 



o 




N 



•no 




0 

sjO 



pchem 

MS(FAB): mass 588.3051 

Yield: 0.51g (55%) 
MS(FD) : m/e 588 (M+) 

MS(FD) : m/e 623 (M+) 

MS(FD) : m/e 587 {M+) 
MS(FD) : m/e 560 (M+) 

MS(FD) : m/e 561 (M+) 
MS(FD) : m/e 568 (M+) 

MS(FD) : m/e 530 (M+j 

Analysis for C37H41N3O6: 
Calcd: C, 71.25; H, 6.62> 

N, 6.74; 
Founds C, 71.32; H, 6.70; 

N, 6.67. 

MS(FD) : m/e 575 (M+) 
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TAhle 5B 
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IS 



Example 



r3w 



PChem 



20 



25 



30 



35 



40 



164 
165 

166 
167 



168 



169 



-CH2CO2H 



Yield: O.lOg (91%) 

H ^ 

X^X^ MS(FD): m/e 660 (M+) 

H 

N^^/N^ MS(FD): m/e 623 (M+) 



O 



MS{FD) : m/e 674 {M+) 



MSCFD) : m/e 596 (M"^) 




Yield: 240mg (71%) 
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10 




16 



20 



170 



171 



r3w 



00^ 



I 0 



25 



PChem 



IR (KBr) : 3311, 3065, 2966, 
1656. 1520, 1453, 
1366, 735, 701 ciR-l 



MS{FD) : m/e 589 (M+) , 
589 (100) 



30 



172 




MS(FD) : m/e 610 (M+) , 
220 (100) 



35 



40 



50 



173 
174 



175 



176 




N 

0 




o 




MS(FD) : m/e 599 {M+) , 
599 (100) 

MS(FD) : m/e 639 (M+) , 
639 (100) 



MS(FD) : m/e 609 (M+1) 



MS 



(FD) : m/e 612 (M+2) 



55 



74 



EP 0 652 009 A1 



10 



T^hlA fi front 'd) 
.Ph 




15 
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25 



30 



35 
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45 



177 



178 
179 
180 

181 

182 

183 
184 



r3w 



o 



H3 




N 



CH3 




N 




50 



00 ° 




MS 



PChem 



(FD) : m/e 599 (M+2) 



MS{FD) : m/e 616 (M+2) 



MS (FAB) : m/e 623 (M+l) 



MS 



(FAB) : m/e 623 (M+l) 



MS (FAB) : m/e 558 (M+l) 



MS 



(FAB) : m/e 559 (M+1) 



MS (FAB): m/e 609 (M+1) 



MS(FD) : m/e 623 (M+1) 



55 



75 



EP 0 652 009 A1 



10 



.Ph 
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20 



26 



30 



35 



40 



45 



£21^ 

185 

186 
187 



188 



189 



190 



191 



r3w 



OCv 




o 



a5 




Cl 






F 0 



PChem 

MS(FD) : m/e 614 (M+2) 

MS (ED) : m/e 640 (M+1) 
MS(FD) : m/e 644 



MS (FAB) : m/e 644 



MS{FD): m/e 588 (M) 

O 



H MS{FD) : m/e 638 (M+1) 

o 



MS{FD) : m/e 646 (M+1) 



5D 
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r3w 



PChem 



20 



25 



192 



193 



CI 





MS (FD) : m/e 686 



MS(FD) : m/e 644 



30 




194 

CI O 

CH3 




MS{FD) : m/e 644 



MS (FD) : m/e 638, 546 



40 



196 



OCH3 




MS(FD): 640, 420, 220 



45 



197 




MS(FD): m/e 666, 573, 445 



50 



198 



-H MS(FAB): m/e 455 (M+M 
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Tfthlft 6 (Cont'd) 





MS{FD) : m/e 596 (M+) 



MS(FD) : m/e 646 (M+) 



MS(FD) : m/e 645 (M+1) 



MS(FD) : m/e 645 (M+1) 



Analysis for C37H42N3O6S: 

Calcd: C, 65.63; H. 6.43; N, 8.50; 

Found: C, 65.52; H, 6.45; N. 
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T^hlP 7 (Cont'd) 
.Ph 




IS 



Ex ■ 



r2 



PChem 



20 



26 



30 



35 



40 



45 



SO 



204 

205 
206 

207 



208 



209 



211 



-CH(CH3)2 

-CK2CH2CO2H 



MS (FAB) : m/e 595 (M+) ; 

128 (100) 

MS(FD) : m/e 633 (M+) ; 

633 (100) 

MS(FD) : m/e 626 (15) ; 

625 (35) ; 220 (8) 



MS(FP): m/e 717 (M+1 24) 



MS( 



H 

0 H 



FD) : m/e 688 (M+^.lOO) 
220 (22) 



MS(FD) : m/e 702 (M'.IOO) 



210 -CH2CH2C{0)NH2 MS(FD) : m/e 624 (M+2) 



0 



MS(FD): m/e 739 (M+1,35); 

738 (100) 
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Table 7 



10 




16 



Example 



r2 



PChem 



20 



212 



213 



25 



30 



35 



40 



45 



214 



215 



216 



217 



-CH2CN 



0 




-0CH3 




N-NH2 

H 



H 



MS(FD) : m/e 594 (M+2) , 

501, 372, 224 
iH NMR : 8 1.48 (s, 9H) ; 2.78- 
3.12 (m, 6H); 3.71 (m, IH) ; 4.30 
{ro, IH); 5.05 (m, IH) ; 5.16 (s. 
2H); 5.98 (s, IH) ; 6.76-6.85 (m, 
2H); 6.92 (t, J=9 Hz, 2H) ; 7.17- 
7.43 (m, IIH); 7.70 (t, J=9 Hz, 
IH); 7.85 (t, J=9 Hz, IH) ; 7.95 
(d, J=9 Hz, IH); 8.18 (d, 
J»9 Hz, IH); 8.27 (d, Js9 
Hz, IH); 8.39 (d, J=9 Hz, IH) ; 
9.00 (d, J=12 HZ, IH) . 



MS{FD) : m/e 702 (M+) 

MS(FD): m/e 640 (M+1,38); 

610 (63), 593 (58) 



MS(Fp): m/e 625 (M+,100) 
N(CH3)2 MS(FD): m/e 681 (M+1) 



so 



55 



80 




Example 



PChem 



IS 



20 



25 



222 

40 



218 ^J^jT ^^'^'^^^^ MS(FD): m/e 716 (M+, IQO) 

219 jLj MS(FD): m/e 626 (M+, 100) 



220 MS(FD): m/e 616 (100); 396 

(15); 395 (33); 394 
(8) ; 221 (18) ; 220 
(100) ; 192 (20) ; 
30 191 (88) 



^S.^^.^,^^ MS(FD): m/e 692 (M+) ; 
221 ILjC3 ^^'^ 



s ^^^^ 

' ^"O MS(FD): m/e 642 100); 
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Table 9 (Cont'd) 

Ph 



10 




15 



Example 



20 



232 



25 



30 



233 



35 



)2 



CH3 



NH 

-A 



NH 



u 



NMR: 
3H) 

2H) , 
IH) , 
IH) 



8 1.45 (s, 9H); 2.26 
2.73-2.80 (m, 2H) ; 2.94-2.99 



(in, 
(in, 
(in. 



2H) ; 
IH) ; 
6.79 



3.90-3.95 
4.89-4. 97 
(s, IH); 



3.13-3.23 (m, 
4.29-4.40 (m, 
6.68 Is, IH) ; 
6.85-7.15 (m, lOH) ; 7.49-7,60 
{m, 3H); 7,72 (t, J=7 . 5 Hz, IH) ; 7.79 
(d, J=8 Hz, IH); 8.03-8.14 (m, 2H) ; 
8.18 (d, Js:8 Hz, IH); 8.85 (d. J=6.3 
Hz, IH) . 



MS(FAB): 636 (M+, 100) 
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45 
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234 

235 



r3w 




PChem 



237 



238 



240 



241 



-^Ovw^ ^ "ifY^ MS{FD): m/e 637 (M+), 

Y '^Si.A^^ (100) 

-H ^ YY^ MS(FD): m/e 537 (M+). 

536 (100) 



J^a^ ^TQ) MS(FD): m/e 587 (M+, 100) 
0 

g 

-H "TQ) MS(FD): m/e 487 (M+. 100) 



g 

239 CL-IV X) VS^m : m/e 621 (M*, 100) 



0 



'YIT^ MS(FD): m/e 579 (M+), 
^'^y^ 578 (100) 



H3C^ MS{FD): m/e 529 (M*), 

0 528 (100) 
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243 




MS{FAB): m/e 703 (M-*") ; 602 



25 
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Table 12 



Example 



244 




MS(FD): m/e 618 (M+, 100) 



MS(FD) : m/e 618 (M+) ; 

220 (100) 



MS(FD) : m/e 618 {M+, 100) 



248 




MS(FD) : m/e 604 (M+, 100) 
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Table 13 



10 



O f H 

' H 0 




gx. 



IS 



20 



249 



r2 



PChem 

Analysis for C39H51N5O7 
Calcd: C, 66.74; H. 7.32; 

N, 9.98; 
Found: C, 65.59; H, 7.44; 

N, 9.76. 



25 



30 



35 



40 



45 



250 



251 



252 



253 



254 




Yield: 100 mg (33%) 



S MS(FD) : m/e 740 (M+-i) 



MS(FD) : m/e 741 (M+) 



Analysis for C38H49N5O7 
Calcd: C, 66.36; H, 7.18; 

N, 10.18; 
Found: C, 65.63; H, 7.10; 

N, 10.28. 

Analysis for C38H49N5O7 



Calcd: 



Found : 



C, 66.36 

N, 10.18 

C, 66.20 

N, 10.31 



H, 7.18; 
H, 7.23; 
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Table 14 



10 




IS 



20 



25 



Example 




ft 


255 


-CH(CH3)2 


S 


256 


-CH(CH3)2 


R 


257 


-CH2C(0)NH2 


S 


258 


-CH2C(0)NH2 


R 



30 



MS(FD): m/e 636 (M+. 100) 
MS(FD): m/e 636 (M+, 100) 
MS(FD): m/e 652 (M+, 100) 

Analysis for CH39H48N4O4 
Calcd: C, 70.13; H, 6.81; 

N, 10.76; 
Found: C. 70.38; H, 7.01; 

N, 10.79. 



39 



40 



45 



SO 
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Table 15 
Ph Ph^ 

H 9 f i U " 

HO *0H 

Example 

PH, Yield: 105 mg 

0 



MS: 795 (M*) 

260 V^O-s^ -CH2CH(CH3)2 

O 

261 iQs^O^ -CH2CH2CH3 (10.6%) 

O 

2" (X-OV' "^""^"^ 



Yield: 16.1 mg 



O 

Yield: 40 mg (4%) 
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16 








5 






Compound 






PChem 






CH3C(0)- 


NA-Val-Sta-Leu- 


NA-NH2 


MS(FAB) 


: m/e 


824 




264 


CH3C{0)- 


NA-Val-Sta-Gly- 


NA-NH2 


MS(FAB) 


: m/e 


768 


10 




CH3C(0)- 


NA-Val-Sta-Ala- 


NA-NH2 


MS (FAB) 


: m/e 


781 




^ o o 


CH3C(0) - 


NA-Val-Sta-Val- 


NA-NH2 


MS(FAB) 


: m/e 


809 




aw/ 


CH3C(0)- 


NA-Val-Sta-Ile- 


NA-NH2 


MS (FAB) 


: m/e 


823 


IS 


368 


CH3C(0)- 


NA-Val-Sta-Nva- 


NA-NH2 


MS (FAB) 


: m/e 


809 


269 


CH3C(0)- 


NA-Val-Sta-Nle- 


NA-NH2 


MS(FAB) 


: m/e 


823 




270 




NA-Val-Sta-Nva- 


NA-NH2 


MS (FAB) 


: m/e 


767 




271 




NA-Val-Sta-Nva- 


NA-OH 


MS(FAB) 


: m/e 


768 


20 


272 


CH3C(0)- 


NA-Val-Sta-Nva- 


NA-OH 


MS(FAB) 


: m/e 


810 




273 


CH3C(0)- 


bNA-Val-Sta-Leu- 


bNA-NH2 


MS (FAB) 


: m/e 


823 


25 


274 




1X1. 




MS{FD) : 


m/e 719 (M*); 
617(100) 
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35 



40 



45 



50 
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275 



MS(FD) : m/e 751 

(M*, 100) 



As noted above, the present invention provides a process for identifying a pAP production inhibitor, com- 
prising: 

(1) administering an aspartyl protease inhibitor to a test system; 

(2) measuring pAP production in the test system; and 

(3) comparing pAP production in the test system to pAP production in a control test system In which no 
such aspartyl protease inhibitor has been administered. 

This aspect of the present invention is carried out as follows. First, test compounds which inhibit exemplary 
aspartyl proteases, particularly cathepsin D, are identified as aspartyl protease Inhibitors. As used herein, the 
term "test system" refers to an assay that is designed to measure aspartyl protease inhibitory activity. Atypical 
test system used for such identification is a non-cellular assay where turnover of the protease substrate is 
monitored upon the administering of a protease inhibitor. The turnover of the protease inhibitor is then com- 
pared to the turnover of substrate in a control test system in which no such aspartyl protease inhibitor has 
been administered. As used herein, the tenm "control test system" refers to an identical test system that is run 
side-by-side with the test system with the exception no aspartyl protease inhibitor is administered. This non- 
cellular assay is used to identify those test compounds having suitable aspartyl protease inhibitory activity In 
a non-cellular environment. 

An example of a non-cellular assay that may be used to determine in vitro aspartyl protease inhibitory ac- 

91 



EP 0 652 009 A1 



tivity reacts partially purified human brain cathepsin D with a substrate, e.g., porcine renin tetradecapeptide. 
The resultant reaction mixture is divided into portions and each portion is incubated for a different period of 
time. After the reaction is stopped, the turnover of substrate in each portion is determined using reverse-phase 
HPLC. Protease Inhibition activity may be calculated based on the rates of substrate turnover. This assay Is 

5 exemplified in Assay 1 , below. 

Asecond non-cellular assay for determining in v/fro aspartyl protease Inhibitory activity utilizes a microtlter 
plate, where a suitable aspartyl protease, such as cathepsin D is added to each well together with controls. A 
suitable f iuorometric substrate is added to each well. The resultant reaction mixture is allowed to react for a 
preselected time, e.g., 30 minutes. After enzyme activity is tenninated, the substrate or its product may be 

10 determined f luorometrically and then the protease inhibition activity may be calculated based on the rates of 
substrate turnover. This assay is exemplified In Assay 2, below. 

A third non-cellular assay for determining in vitro aspartyl protease inhibitory activity is generally described 
in JuDD.R.A.etal., (1990) Biochem. J., 265:871-878 and Raoetal., J. Med. Chem. (1 993), in press. The assay 
is carried out by incubating a test compound with a suitable aspartyl protease, such as cathepsin D, in the 

IS presence of a chromogenic substrate. The inhibition constant. K|, value may then be detenmlned by quantifying 
the competitive inhibition of the hydrolysis of the chromogenic substrate. A variety of chromogenic substrates 
that are useful for assaying aspartyl protease activity are discussed in Dunn, et ai. . (1986) Biochem. J., 
237:899-906. A preferred chromogenic substrate for a cathepsin D assay is disclosed in Scarborough. P.E. et 
aL, Protein Science, (1993). 2:264-276. 

20 Concentrations of substrate solutions and cleavage products may be verified using amino acid analysis. 
The enzyme preparations may be titrated with a tightly binding inhibitor to quantltate the active concentration 
of the enzyme. Enzyme concentrations are typically in the range of from 1-6 nM. Stocic solutions of the test 
compound are prepared at concentrations ranging from 1 .0 to 5.0 mg/mL. and then 50-1 00 ^L portions of these 
stodc solutions may be further diluted to a concentration in the range of 5 to 300 for rate detenminations. 

25 First, the percentage of inhibition of the Initial rate of reaction in the presence of 4mM of the test compound 
may be determined relative to a control reaction in order to provide an estimate of the test compound's potency. 
Then, the test compounds are assayed over a concentration range of. for example, 5 to 300 for rate de- 
terminations. 

A decrease in absorbance in the range of 284-324 nm may be monitored using a spectrophotometer. Ab- 
30 sorbance readings are typically tai^en at various timepoints. The initial velocities are then plotted versus the 
initial substrate concentration. The Icinetic parameter, for the chromogenic substrate may be calculated from 
these data. Estimates of K| may then be determined using the Dixon construction. Dbcon. M.. (1953) Biochem 
J., 55:170-171. 

If the ratio of the total active enzyme concentration to the estimated K| value ([EyK|) is less than 0.2, then 
35 the precise K| value may be computed by using a non-linear curve fitting program based on the equation: 

V = v„3xisi/[si + M1 + im 

where v is the initial rate, [S] is the initial substrate concentration, [I] is the inhibitor concentration and and 
Ki are defined above. If the ratio. [EyK,, is between 0.2 and 10. then the precise K, value may be calculated 
using the method described in Hendereon. P.J.F., (1 972) Biochem J., 127:321-333. This Assay Is exemplf led 
40 In Assay 3. 

It will be desirable to select those test compounds having aspartyl protease inhibitory activity for further 
testing In a cellular environment in order to identify which aspartyl protease inhibitors are most suitable for 
use as pAP production inhibitors. The initial assessment of aspartyl protease inhibitory activity may be based 
on a relative ranking of those test compounds tested, but will more typically be based on an absolute assess- 

45 ment of inhibitory activity, typically involving the measurement of an inhibitory concentration, i.e., the concen- 
tration needed to reach an arbitrary level of aspartyl protease inhibition, such as 50%. The term "IC50" refere 
to the concentration needed to reach 50% Inhibition. 

Such IC60 values can be measured using either of the above protocols by first determining the aspartyl 
protease activity in the absence of potential protease inhibitors in order to determine a control value. The as- 

50 partyl protease activity is then measured in the presence of varying concentrations of each test compound, 
and the concentration which results In an inhibition of protease activity of 50% is the IC50 value. All test com- 
pounds which result in an IC50 value at or below a selected threshold value may be designated suitable aspartyl 
protease Inhibitore and may be further tested according to the methods of the present Invention. This threshold 
value is arbitrary, but will usually be a low concentration, typically below 1 0 ^g/mL, more usually 5 ng/ml^ often 

55 1 ^g/mL, and sometimes 250 ng/mL, or below. 

Upon identification of aspartyl protease inhibitors, further screening will be perfomied to select those as- 
partyl protease inhibitors which inhibit the intracellular production of pAP. The pAP production inhibition activity 
Is typically measured in a cellular assay or in an animal model, or both. 
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The cellular assay preferably utilizes a cell line which has been transfected to overproduce pAP, such as 
a cell line which has been transfected with the Swedish or other mutation responsible for AD or other pAP- 
related condition. Typically these assays measure pAP production in a test system In which the aspartyl pro- 
tease inhibitor has been administered and in a control test system in which no such aspartyl protease inhibitor 
5 has been administered in order to measure a reduction in pAP production relative to the control. These assays 
may measure pAP production or the presence of a cellular characteristic which Is related to pAP production. 
Aspartyl protease Inhibitors which inhibitor otherwise affect intracellular pAP production will typically be tested 
further. 

The test system used to measure the pAP production inhibition activity is typically a cellular assay or an 

10 animal model. Preferably, the pAP production inhibition activity is obtained by direct measurement of pAP pro- 
duction in a cellular assay, as described in WO9410569, the full disclosure of which Is Incorporated herein by 
reference. This assay is exemplified In Assay 4, below. 

For example, mammalian cell lines, typically human cell lines, are grown under conditions which result in 
the secretion of detectable amounts of pAP into the conditioned culture media, typically in the range of from 

15 about 0.1 ng/mL to 10 ng/mL By growing cells under conditions which result in the accumulation of pAP in the 
conditioned culture medium, and exposing the cultured cells to an aspartyl protease inhibitor, it Is possible to 
measure the effect of the aspartyl protease inhibitor on pAP production. An aspartyl protease inhibitor which 
diminishes pAP production is useful for the therapeutic treatment of AD and other pAP-related conditions. 
Typical cell lines used in the cellular assay include human and animal cell lines, such as the 293 human 

20 kidney cell line, human neuroglloma cell lines, human HeLa cells, primary human endothelial cells (e.g.. HU- 
VEC cells), primary human fibroblasts or lymphoblasts, primary human mixed brain cells, including neurons, 
astrocytes, and neuroglia, Chinese hampster ovary (CHO) cells, and the like. Preferred are cell lines capable 
of expressing APP variants which overproduce pAP. As used herein, the tenm "overproduce" means that the 
amount of pAP produced from the variant APP will be greater than the amount produced from any or all of the 

25 normal APP isoforms. e.g.. the 695. 751 , and 770 amino acid isoforms which have been previously described. 
Particularly preferred APP variants are those having one or several amino acid substitutions directly amino- 
terminal of the pAP cleavage site. For example. K293 cells which express an APP containing the Swedish mu- 
tation produce approximately sbc-fold to eight-fold more pAP than cells expressing normal APP. 

p-amyloid peptide may be measured In the conditioned culture medium by any technique whteh is suffl- 

30 ciently selective and sensitive to identify substantially Intact pAP in the presenceof other APP fragments which 
may be present. Immunological detection techniques may be employed using binding substances specific for 
pAP, such as antibodies, antibody fragments, recombinant antibodies, and the like, which possess the requisite 
specificity and sensitivity to pAP. Antibodies which are monospecific for the junction region of pAP are capable 
of distinguishing pAP from other fragments. As used herein the term "pAP junction region" refers to that region 

35 of pAP which is centered at the site between amino acid residues 1 6 and 1 7 (Lysi© and Leuir). The pAP junction 
region is a taiget for normal proteolytic processing of APP. Such normal processing results in a variety of APP 
fragments which are potentially immundogfcally cross-reactive with the intact pAP molecule. Antibodies raised 
against a synthetic peptkle consisting of amino acid residues 13-28 of pAP have been found to display the 
requisite specificity. 

40 Suitable detection techniques include ELISA, Western blotting, radioimmunoassay, and the like. A typical 
cellular assay for assaying pAP production is described In W09321526. This assay relies on the measurement 
of a fragment of APP (other than the pAP fragment) which is produced and secreted into the cell culture as a 
result of PAP production. The secreted fragments comprise a substantially intact amino-termlnal sequence of 
APP terminating within five amino acids of the carboxy-termlnal residue (methionine in the case of the nonmal 
45 APP sequence) which ties adjacent to the pAP region and intact APP. In particular, the secreted fragments 
may consist essentially of sequences which terminate in Metgoe and Lysggs of the 695 amino acid isoform of 
APP, with corresponding numbering for the other isoforms and corresponding amino acids for the mutant APP 
forms, such as Lys595-Met596 to Asnggg-Leugge for the Swedish mutation. 

A preferred detection technique includes a two-site or "sandwich" assay employing a junction-specific an- 
50 tibody as the capture antibody which is bound to a solid phase and a second labelled antibody which binds to 
an epitope other than that bound by the capture antibody. The second labelled antibody preferably recognizes 
the amino-terminus of pAP and may be conveniently raised against a synthetic peptide consisting essentially 
of amino acid residues 1-16 of pAP. 

Alternatively. pAP production may be monitored in an animal nrKxlel. such as the mouse animal model dis- 
ss closed in W091 19810. An animal model that expresses another APP isotype and/or variant may also be used 
to screen aspartyl protease inhibitors. Testing in an animal model will typically be perfomried In addition to the 
cellular assay described above. Thus, the present invention also provides a process of identifying pAP pro- 
duction inhibitors, comprising (1) measuring pAP production in a cellular assay; and (2) measuring pAP pro- 



93 



EP0 652 009 A1 



duction In a body fluid of a test animal. The pAP production in a body fluid of a test animal may be measured 
by assaying for the presence of pAP or a pAP fragment in a body fluid of the test animal before and after the 
administering of an aspartyl protease inhibitor. 

The present invention provides methods for inhibiting p-amyioid production in cells, comprising adminis- 
tering to the cells an aspartyl protease inhibitor selected by the process described above. For example, the 
aspartyl protease Inhibitor may be added to a cell culture In order to inhibit pAP production by the cultured 
cells. Alternatively, the aspartyl protease inhibitor may be administered to a mammal in need thereof in order 
to inhibit the production of p-amyioid and subsequently the deposition of amyloid plaque associated with AD 
and other pAP-related diseases. 

The following Assays are offered by way of illustration, not byway of limitation. These Assays were canried 
out to demonstrate the ability of the compounds used in the methods of the present invention to inhibit aspartyl 
proteases, particularly cathepsin D. 

Assay 1 

CATHEPSIN D INHIBITION ACTIVITY (NON-CELLULAR ASSAY) 

Human brain cathepsin D was purified from frozen post-mortem cortex substantially In accordance with 
the method of Nixon and Morotta, (1984) J. Neurochem. 43:507-516. The cortex material was prepared and 
applied to a DEAE-Sepharose® column. The flow through fractton was dialyzed against SOmM Tris-HCI, pH 
7.6, and applied to concanavalin ASepharose® and eluted with 50mM Tris, pH 7.5. 0.5M methyl a-D-manno- 
pyranoside. The eluted cathepsin D acth/ity was dialyzed against 25mM Tris, pH 7.5, and stored at-40*»C (Con 
A pool) until use. 

For each assay. 50 ^L of the Con A pool was diluted to 270 \iL In 200mM sodium citrate, pH 4.5, 150mM 
sodium chloride (NaCI). and incubated for 10 minutes at 4^C with 15 ^L of compound stock diluted in dime- 
thylsulfbxide (DMSO). The substrate, porcine renin tetradecapeptide (CH3C(0)-Asp-Arg-Val-Tyr-lie-His-Pro- 
Phe-Hls-Leu-Leu-Val-Tyr-Ser [SEQ ID N0:3]. Bachem Bioscience, Inc., Philadelphia, PA), was added to each 
reaction mixture to yield a final concentration of 44 ^iM in a total volume of 300 The samples were Incubated 
at 37°C for 0, 10, 20. or 30 minutes, and then boiled for 5 minutes to stop the reaction. The samples were cen- 
trifuged In a microcentrifuge for 10 minutes at 14,000 rpm at 4X. After centrifugation, 200 nL of each reaction 
was injected onto a CIS RPLC column (Vydac, Hesperia, CA) with a Parkin Elmer ISS 100 autosampler and 
eluted with a gradient eluent of 0-50% CH3CN in 0.1% CF3CO2H at 2 mL/min. Peptide product peaks were 
monitored at 220nm with a Parkin Elmer LC 95 detector and integrated with Rainin Dynamax software in order 
to quantitate activity. 

The compounds prepared in Examples 41-48 and pepstatin were assayed for cathepsin D Inhibition acthnty 
using Assay 1. Results are presented in Assay Table 1 as an IC50 value which was detenmined by comparing 
cathepsin D activity in the presence of each aspartyl protease inhibitor with the cathepsin D activity in a control 
where no such aspartyl protease Inhibitor was administered. 



h^fy^Y Table 1 

rAfhensin D Actiivitv (Non-cellular) 



Compound 


Structure.. 






TC50 fnM) 


Pepstatin 


Iva-Val-Val-Sta-Ala-Sta 






0.1 


Exeonple 41 


CH3C(0)-Gly-Val-Val-Sta-Ala- 


-Thr- 


•OH 


4 


Example 42 


(CH3)2CH-Gly-Val-Val-Sta-Ala- 


•Thr- 


■OH 


8 


Example 43 


Gly-Val-Val-Sta-Ala- 


-Thr- 


■OH 


53 


Example 44 


(CH3 ) 2CH-Gly-Sta-Ile-Ala-Thr- 


-OH 




>100 


Example 45 


Gly-Val-Sta-Ala-Thr- 


-OH 




>250 


Example 46 


(CH3)2CH-Gly-Val-Sta-Ala-Thr- 


-OH 




>250 


Example 47 


(CH3)2CH-Gly-Val-Val-Ile-Sta 


-Thr- 


-OH 


>250 


Example 48 


(CH3}2CH-Gly-Val-Sta-Ile-Ala 


-Thr- 


-OH 


>250 
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16 



20 



25 



30 



35 



Assay 2 

CATHEPSJN D INHIBITION ACTIVITY (NON-CELLULAR FLUOROMETIC ASSAY) 

^ ^luorometrlc assay was adapted from the method disclosed by Murakami et a!.. (1981) Anal. Biochem. 

110-232-239 for measuring renin activity. Human liver cathepsin D (Athens Research and Technoiogy. Athens. 
GA) was diluted in assay buffer. 200mM NaOAc. pH 4.5. ISOmM NaO to 500 ng/mL and then 100 nL of this 
cathepsin D solution was added to each well of a 96 well plate with the exception of control wells which received 
just 100 uL of assay buffer. Compound stocks were prepared by dissolving an aspartyl protease inhibitor in 
DMSO for each concentration tested in the assay and then 5 nL of compound stock was added to each of the 
wells prepared above. Blank and enzyme control wells each received 5 |iL of the DMSO vehicle. 

Following a ten minute incubation at IS'C to allow enzyme/compound interaction, 5 jiL of SOOuM fluoro- 
metric substrate (Suc-Arg-Pro-Phe-His-Leu-Leu-Vai-Try-AMC [SEQ ID N0:4]. Bachem Biosciences. Philadel- 
phia PA) in DMSO was added perwell to initiate the reaction. After incubation at 37»C for 30 minutes, cathepsin 
D activity was terminated by the addition of 100 ^L perwell of 400 mU/mL microsonral leucine aminopeptidase 
(EC 3 411 .2. Sigma. St. Louis. MO) in 1M Tris-HCI. pH 8.0. 

The plates were then analyzed in a fluorometer (CytoFiuor 2350. Millipore. Bedford. MA) with an excitation 
wavelength of 360nm and an emission wavelength of 460nm. in order to check for background fluorescence 
due to test compounds. Following a two hour incubation at 37«C. to allow the aminopeptidase to release the 
fluorophore. 7-amido-4-methylcoumarin (AMC) from the products of cathepsin D cleavage, the plates were 
aqain analyzed in the fluorometer. In order to check for potential false positives. i.e.. inhibitors of mic«»omal 
leucine aminopeptidase. residual aminopeptidase activity was monitored directly In each well by the addition 
of 20 uL/weli of 2.5mMLeu-pNA (Bachem Biosciences. Philadelphia. PA) in 10% DMSO. Aminopeptidase ac- 
tivity was measured as an increase in the absorbance at 405nm in a UV„^ microplate reader (Molecular De- 

'''''^ThrcomSl^ds prepared in Examples 9. 12. 13. 20-23. 23A. 24. 30. 41-43. 45. and 48 were assayed at 
10 ug/mLfor cathepsin D inhibitfon activity using Assay 2. Cathepsin D activity was linear under these condi- 
ttons and the results are expressed as percent inhibition of the control activity in Assay Table 2. below. All re- 
sults presented are the mean and standard deviation of at least four replicate assays. 

Assay Table 2 



40 



48 



so 



55 



Cathepsin D activity in non-cellular 


f luorometric assay 


Example 


Cathepsin D Inhibition 


9 


44.4 ±1.9% 


12 


12.4 ±3.7% 


13 


91.4 ±0.4% 


20 


94.8 ±0.6% 


21 


78.3 ±3.8% 


23 


96.3 ±0.9% 


23A 


32.5 ±4.7% 


24 


92.7 ± 0.5% 


30 


69.2 ± 3.5% 


41 


98.3 ±0.1% 


42 


89.5 ±1.3% 


43 


87.9 ±2.4% 


45 


30.6 ±4.8% 


48 


79.9 ±2.7% 
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Assays 

CATHEPSIN D INHIBITION ACTtVITY (NON»CELLULAR ASSAY) 

An assay for measuring aspartyl protease activity using a chromogenic substrate was used to determine 

5 the inhibition constant, K,, for the test compounds Frozen human placental tissue was thawed and homogenized 
in 10mM Tris-HCI, pH 7.4. and 0.5% Brij 35 in a Waring blender. The homogenate was centrifuged at 10,000 
rpm for 30 minutes in a Sorvall GSA rotor. The supernatant was adjusted to pH 3.7 using 5.7N HCI and then 
sodium acetate was added to a concentration of 0.1M. The resultant mixture was Incubated for 30 minutes at 
0**C, resulting in the formation of a precipitate. This precipitate was removed by centrifugation (30 minutes, 

10 1 0,000 rpm). The acidic supernatant was applied to a chromatography column (pepstatinyl agarose equilibrat- 
ed with 0.1M sodium acetate, pH 3.5, 0.1% Brij 35, and 1M NaCI), washed until the ODjao of the effluent re- 
turned to baseline, and then eluted with 50mM Tris-HCI, pH 8.6, 0.1% Brij 35, and 1M NaO. The eluent was 
dialyzed against lOmM sodium phosphate, pH 7.0, 0.1% Brij 35, and 0.1 M NaCI, and then applied to a 1 mL 
DEAE-Sephacel column equilibrated with the same buffer. Cathepsin D was recovered in the breakthrough 

IS fraction. 

The enzyme mixture (1 25 ^iL buffer (0. 1 M sodium formate at pH 3.7), 1 ^L of a 1 mM solution of test conr>- 
pound, 4 \xL of DMSO. enzyme and water to provide a total volume of 230 nL) was vortexed and prewarmed 
for four minutes before the addition of the chromogenic substrate. After warming, the enzyme mixture was add- 
ed to 20 nLof a 625 \iL dilution of substrate solution. A control reaction mixture was similarly prepared without 
20 the addition of the the test compound. The percent of inhibition of the initial rate of reaction in the presence of 
a particular concentration of test compound (i.e. 4 pM) may be determined for the test compound by monitoring 
the reaction mbcture in parallel to the control reaction. 

The decrease in absort)ance in the range of 284-324 nm was followed on a Hewlett-Packard 8452A diode 
array spectrophotometer equipped with a multi-cell transport and thermostatted at 37X. Absorbance readings 
25 were taken at 0.1 second intervals every 2 nm over the targeted range. Each cuvette was sampled five times; 
the resultant readings were averaged for each time point. For each cuvette, the reading were repeated with a 
cyde time of 17.2 seconds for approximately 1000 seconds. 

The initial velocity was calculated from the slope during the linear phase of the reaction and then plotted 
versus substrate concentration at the start of the reaction. These data were fitted to the standard Mlchaelis- 
30 Menten equation by Marquardt analysis to yield the calculated value, Km, for the substrate. The values of K, 
were estimated using the Dixon construction, and then calculated using a nonlinear curve-fitting program 
([EyK| < 0.2) or the Henderson method (0.2 < [E],/K| < 10) as described above. 

The compounds prepared in Examples 1-11 , 14-19, 22-28 and 30-37 were assayed for cathepsin D inhib- 
ition activity using Assay 3. The results are presented in Assay Tables 3A and 3B. 
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Assay Table 3A 



Example 


Ki(jiM) 


1 


1.16 ±0.26 


2 


0.75 ± 0.14 


4 


6.20 


5 


0.24 


6 


1.80 ±0.26 


7 


0.42 ±0.06 


8 


1.17 


9 


0.82 


10 


5.51 


17 


2.3 ±0.2 


18 


2.2 ±0.2 


22 


0.9 ±0.1 


23 


0.073 


24 


0.042 


25 


1.44 ±0.26 


26 


2.30 ± 0.41 


33 


0.023 ±0.003 


34 


0.018 


35 


0.086 


36 


0.00039 ±0.00004 


37 


0.00054 ± 0.00007 


38 


0.00047 ± 0.00007 


39 


0.00053 ± 0.00009 


40 


0.00098 ±0.00012 



97 



EP 0 652 009 A1 



Assay Table 3B 



Example 


% inhibition at 4|i M 


o 


An 


n 


^9 
0£ 


14 




15 


AO 


16 


OD 


19 




27 


40 


28 


6 


30 


28 


31 


43 


32 


12 



Assay 4 

BAP PRODUCTION INHIBITION (CELLULAR ASSAY) 

Two cell lines (human kidney cell line 293 and Chinese hamster ovary cell line CHO) were stably trans- 
fected with the gene for APP-751 containing the double mutation Lys65rMet652toAsn65i-Leu652(APP-751 num- 
bering) commonly called the Swedish mutation using the method described in Citnan et al. . (1992) Nature 
360:672-674. The transfected cell lines were designated as 293 751 SWE and CHO 751 SWE, and were plated 
in Corning 96 well plates at 2.5x10^ or 1x10* cells per well respectively In Dulbecco's minimal essential media 
plus 1 0% fetal bovine serum. Following overnight incubation at 37°C in an Incubator equilibrated with 1 0% car- 
bon dioxide (COj), the media were removed and replaced with 200 ^L per well of media containing an aspartyl 
protease Inhibitor. After a two hour pretreatment pertod, the media were again removed and replaced with fresh 
media containing the aspartyl protease Inhibitor and the cells were incubated for an additional two hours. 

Aspartyl protease inhibitor stocks were prepared in DMSO such that at the final concentration used in the 
treatment, the concentration of DMSO did not exceed 0.5%. After treatment, plates were centrifuged in a Beck- 
man GPR at 1 200 rpm for five minutes at room temperature to pellet cellular debris from the condittoned media. 
From each well, 100^L of conditioned media were transferred into an ELISA plate precoated with antibody 266 
against pAP-13-28 (Seubert et al. , supra,) and stored at4°C overnight An ELISA assay employing labelled 
antibody 6C6 (against pAP-1-16) was run the next day to measure the anraunt of pAP produced. 

Cytotoxic effects of the compounds were measured by a modification of the method of Hansen et al., 
(1989) J. Immun. Meth. 119:203-210. To the cells remaining in the tissue culture plate, was added 25 jiLof a 

3, (4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) stock solution (5 mg/mL) to a final concen- 
tration of 1 mg/mL. Cells were incubated at 37*'C for one hour, and cellular activity was stopped by the addition 
of an equal volume of MTT lysis buffer (20% w/v sodium dodecylsulfate in 50% DMF, pH 4.7). Complete ex- 
traction was achieved by overnight shaking at room temperature. The difference in the OD662ni!i an<i the 
ODesonm was measured in a Molecular Devices UV^ microplate reader as an Indicator of the cellular viability. 

The results of the pAP ELISA were fit to a standard curve and expressed as ng/mL pAP peptWe. In order 
to normalize for cytotoxicity, these pAP results were divided by the MTT results and expressed as a percentage 
of the results from a drug-free control. 

The compounds prepared above in Examples 9,12,1 3, 20-23, 23A, 24, 30, 41-43, 45, and 48 were assayed 
for PAP production inhibition activity in cells at 1 0 ng/mL using Assay 4. The results presented in Assay Table 

4, below, are the mean and standard deviation of at least six replicate assays. 
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Assay Table 4 



10 



15 



20 
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BAP production inhibition activity in cells 


bxarnpie 


A AD PmHiir*tinn Inhibition 

pr\r r IVIUIJUMVIII ll ll llMin**! i 


9 


44.4 ± 7.7% 


12 


12.4 ±6.0% 


13 


91.4 ±3.9% 


20 


94.8 ±3.1% 


21 


78.3 ±1.5% 


23 


96.3 ± 2.8% 


23A 


32.5 ± 3.3% 


24 


92.7 ±1.4% 


30 


69.2 ±2.2% 


41 


-6.2 ±6.2% 


42 


13.1 ±7.5% 


43 


16.2 ±8.5% 


45 


3.3 ±1.1% 


48 


1.6 ±19.8% 



The compounds of the present invention can be administered for prophylactic and/or therapeutic treatment 
of diseases related to the deposition of pAP. such as AD, Down's syndrome, and advanced aging of the brain. 
In therapeutic applications, the compounds are administered to a host already suffering from the disease. The 
compounds will beadminlsteredinan amount sufficient to inhibit further deposition of pAP plaque. Thespecific 

dose of compound administered according to this invention to obtain therapeutic and/or prophylactic effects 
will of course, be determined by the particular circumstances surrounding the case, including, for example, 
the'compound administered, the route of administration, the condition being treated, the individual being treat- 
ed and the lilce. A typical daily dose will contain a dosage level of from about 0.01 mg/kg to about 50 mg/kg 
of body weight of an active compound of this invention. Preferred dally doses generally will be from about 0.05 
mg/ta to about 20 mg/kg and ideally from about 0.1 mg/kg to about 10 mg/kg. 

For prophylactic applications, the compounds of the present invention are administered to a host suscept- 
ible to Alzheimer's Disease or a pAP-related disease, but not already suffering from such disease. Such hosts 
may be Wentified by genetic screening and dinical analysis, as described in the medical literature. See e.g.. 
Goate, (1991) Nature 349:704-706. The compounds will be able to inhibit or prevent the formation of the pAP 
riaque at a symptomaticaliy early stage, preferably preventing even the initial stages of the p-amyloW disease. 

The compounds can be administered by a variety of routes including oral, rectel, transdermal, subcutane- 
ous, intravenous, intramuscular and intranasal. The compounds of the present invention are preferably for- 
mulated prior to administration. 

The active ingredient in such formulations comprises from 0.1% to 99.9% by weight of the formulation. By 
"pharmaceutically acceptable'' it is meant that the carrier, diluent or excipient is compatible with the other in- 
gredients of the fbrmulatton and not deleterious to the recipient thereof. 

For example, a typical pharmaceutical composition for intramuscular injection would contain about one ^ 
g to one mg of the compound In from one to four milliliters of sterile buffered water. The typical pharmaceutfeal 
composition for intravenous Infusion would contain about one to one hundred milligram of the compound in 
from one hundred to five hundred milliliters of sterile Ringer's solution. 

The pharmaceutical formulations are prepared by known procedures using known and readBy available 
ingredients. In making the compositions of the present invention, the active ingredient will usually be admixed 
with a canier, or diluted by a carrier, or enclosed within a carrier which may be in the form of a capsule, sachet, 
paper or other container. When the carrier serves as a diluent, it may be a solid, semi-solid or liquid material 
which acts as a vehicle, excipient or medium for the actwe ingredient. Thus, the compositions can be In the 
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form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, soluttons, syrups, 
aerosols, (as a solid or in a liquid medium), ointments containing, for example, up to 1 0% by weight of the active 
compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, sterile packaged powders 
and the like. 

5 Frequently, it will be desirable or necessary to introduce the phamiaceutical compositions directly or in- 

directly to the brain. Direct techniques usually involve placement of a drug delivery catheter into the host* s ven- 
tricular system to bypass the blood-brain barrier. Indirect techniques, which are generally preferred. Involve 
formulating the compositions to provide for drug latentiation by the conversion of hydrophlllc drugs into lipid- 
soluble drugs. Latentiation is generally achieved through blocking of the hydroxy!, carboxyl, and primary amine 

10 groups present on the drug to render the drug more lipid-soluble and amenable to transportation across the 
blood-brain barrier. Alternatively, the delivery of hydrophlllc drugs can be enhanced by Intra-arterial Infusion 
of hypertonic solutions which can transiently open the blood-brain barrier. 



15 Claims 

1. The use of an aspartyl protease inhibitor, or a pharmaceutically acceptable salt thereof, for the manufac- 
ture of a medicament for inhibiting p-amyioid peptide (pAP) production. 

^ 2. The use according to daim 1 wherein the aspartyl protease inhibitor is a cathepsin D inhibitor. 

3. The use according to daim 1 wherein the aspartyl protease inhibitor is a compound of formula i 



25 



I 

(CH2)i 



30 N 

H 



\ A 



(I) 



35 



wherein: 

I is 1,2, 3, or 4; 

Ri is Ci-Ce alkyi, aryl, cyclohexyl or -S-R1^ where 
Is aryl, or cyclohexyl; 
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where 

R^^*' and are independently selected from hydrogen, Ci-Ce alkyI, aryl(CrC4)alkyl, heterocy- 
de(Ci-C4)alkyl, unsaturated hetere)cyde(Ci-C4)alkyl, or R^* and are combined with the nitrogen atom 
to which they are attached to form a heterocyde or unsaturated heterocycle with the proviso that the ni- 
trogen atom may not be quaternized; 

qis 0, 1,2, 3, or 4; 

R2 Is hydrogen, halo, Ci-Ce alkyI, Ci-Ce alkoxy, Ci-Ce alkylthio, or amino; 
or Wis 
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R2 

where 



jis1.or2; 

R3* is hydrogen, formyl, carbamoyl, or -(B)e-X-Ro. where 
Bls-C(0)-, or-S(0)K-; 
k is 0,1, or 2; 
eisO, or1; 

X is -(CH2)fl-. -(CH2)m-0-(CH2)„-, or 
-(CH2)m-NR'^(CH2)„-, where 
gisO, 1,or2; 

m and n are independently 0. 1, or 2; 

Rx is hydrogen, or C1-C4 alkyi; . .x, *k 1 

Ro is Ci-Ce alkyl. C1-C4 alkoxycarbonyl, fonmyi. Cz-Ce aikanoyi, ammo, tnfluoromethyl, Ci- 

C4 alkylamino, di(CrC4)alkylamino, aryl. heterocycie, or unsaturated heterocyde; ^ _ ^ 

each R2 is independently an amino acid side chain, -CH2CH3, -CH2CH2CM3. -Uh2l^ri2j2^n3. 

-C(CH3)3. -CH2SO2NH2, -CH2CN. .(CH2)rXi.R2-, .(CH2),-C(0)NR2bR2c, or-(CH2)rS(OH1-N(R^tetra. 

zol-5-yl], where 

r, sand tare independently 0.1, or 2; ^.^x ^ 

Is a bond. divaIent(Ci-C4)alkyl. divalent(C2-C4)alkenyl. divalent(C2-C4)aikynyl. -C(0)-0-. 
.O.C(0)., -C(0)NR2b«. -NR2»>-C(0)-, -NR2*>., -C(0)., -0-, or .S(0)k-; ^ ^ . . . . ^ 

R2a is Ci-Ce alkyl. aryl. aryl(CrC4)alkyl, heterocycie. heterocycle(CrC4)alkyl, unsaturated 
heterocycie. or unsaturated heterocycle(CrC4)alkyl; 

R2b is hydrogen, or CrC4 alkyl; ^ v ... ^ 

R2C is amino. Ci-Ce alkoxy. Ci-Ce alkyl. -(CH2)m-di(Ci-C4)alkylamino, aryl. aryl(CrC4)alkyl. 
heterocycie, heterocycle(Ci-C4)alkyl. unsaturated heterocycie, or unsaturated heterocycle(Ci-C4)allq^; 

R2d is hydrogen. Ci-Ce alkyl. aryl. unsaturated heterocyde, unsaturated heterocyde(CrC4)- 
alkyl. or aryl(CrC4)alkyi; 



Ris 
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or 




where: 

Ais-CHr or 



0 
II 

-C- ; 

Y is aryl or unsaturated heterocyde; 
is heterocycle; 

R*» is hydroxy or amino; 

R3a is a group having the formula 
1) ^(0)-NR*R*. 
2) 




or 

3) 
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R3b is a group having the structure: 



1) 



2) 



or 

3) 



O 

— N-C— R* 



N — C — NR^R^ 



p is 4 or 5; 

at each occurrence is independently hydrogen, Ci-Ce alkyi or hydrDxy(Ci-C4)ailcy1; 

R6 and R^ are independently selected from hydrogen, hydroxy. CrCe alkyI, Ci-Ce alkoxy, amino 
C1-C4 alkylamino, hydR)xy(CrC4)alkyl, carboxy. C1-C4 alkoxycarbonyl. carbamoyl. N-(CrC4)alkylcarba 
moyl. aryl. heterocyde or unsaturated heterocycle; 
with the provisos that 

(1) when R is 




then 



Wis 
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/ H II \ 



is formyl, carbamoyl or -(B)e-X-fV, where 

e is 1; and 

10 Bis-C{0).; 

(2) when R is 
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OH 0 



20 then 

Wis 
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30 and 

j is 2; and 
(3) when R is 



35 



so or 



»3w 

R2 





R3b 
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then 

iis1;and 

Ri is aryl. cydohexyl, or -S-R1^ where 
R^x is aryl, or cydohexyl; 
or a pharmaceutically acceptable salt thereof. 

The use according to daim 3 wherein the aspartyl protease inhibitor is a compound of formula I wherein: 
iis1; 

Ri is -CH(CH3)2. or phenyl; 
Wis 



where 

R3* is hydrogen or -B-X-R^ where 

Bis-C(0)-,or-S(0)2-; 

X is -(CH2)o-. or -(CH2)m-0-(CH2)n-. where 

9 is 0; 

m and n are independently 0, 1, or 2; 
Ro is Ci-Ce alkyi, aryl. or unsaturated heterocyde; 
R2 is an amino add side chain, -CH2CH3, -CH2CH2CH3, -CH2(CH2)2CH3, -CHjCN, or -CHrR^". 



O 




where 



R2a is aryl 



Ris 





or 




0 



where: 

R** is amino; 
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Y Is phenyl; and 
R3ais-C(0)NH(f-butyl); 
with the proviso that when R is 



5 




3a 



R 



10 



then j is 2; 

or a phanmaceutically acceptable salt thereof. 



IS 



5. 




R7 Is Ci-Ce alkyi, formyl or C2-Ce alkanoyi; 
f Is 1-6; 

2Q each R8 is independently an amino acid residue, statins or a statins derivative; 

with the provisos that: 

(1) when f is 1 , then R« must be statine or a statins derivative; 

(2) when f is 3-6, then the total number of statine and statine derivatives In -(R«)r cannot exceed 2; 
or a pharmaceutically acceptable salt thereof. 

^ 6- The use of an aspartyl protease inh ibitor, or a pharmaceutically acceptable salt thereof, for the manufac- 
ture of a medicament for preventing or treating Alzheimer's Disease (AD), 

7. The use of an aspartyl protease inhibitor, or a pharmaceutically acceptable salt thereof, for the manufac- 
ture of a medicament for treating or preventing pAP-related diseases. 

30 

8. A process for identifying a pAP production inhibitor, comprising 

(1) administering an aspartyl protease inhibitor to a test system; 

(2) measuring pAP production in the test system; and 

(3) comparing pAP production in the test system to pAP production in a control test system in which 
^ no such aspartyl protease inhibitor has been administered. 

9. A process according to daim 8. wherein the aspartyl protease inhibitor is identified by measuring the ao- 
twity of an aspartyl protease in a non-cellular assay in presence and absence of a test compound. 

40 10. A process according to claim 8, wherein pAP production is measured by 

(1) exposing the aspartyl protease inhibitor to a cellular assay; and 

(2) measuring a cellular characteristic which is related to pAP production. 

11. A process of identifying a pAP production inhibitor, comprising: 
^ (1) identifying an aspartyl protease inhibitor; 

(2) measuring pAP production in a cellular assay; and 

(3) measuring pAP production in a body fluid of a test animal. 
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